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(57) Abstract 

A genetically engineered cell line 
that produces at least one catecholamine, 
at least one endoiphin. and at least one 
enkephalin, for the treatment of pain. Hie 
cells may be provided directiy to a padent 
in need thereof, or encapsulated to form a 
bioartificial organ. 
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Cell line producing analgesic compounds for treating pain 

Fjleicj Qf the inventiQn 

The present invention relates to a cell line 
5 useful for the treatment of pain. More particularly, 
the cell line of this invention has been genetically 
engineered to produce at least one analgesic compound 
from each of the groups consisting of endorphins, 
enkephalins, and catecholamines. 

10 pacHqround of the Inventiw 

Pain is a common symptom of disease. The 
superficial dorsal horn of the spinal cord, where 
primary afferent fibers carrying nociceptive 
information terminate, contains enkephalinergic 

15 interneurons and high densities of opiate receptors. 
In addition, there is a dense concentration of 
noradrenergic fibers in the superficial laminae of the 
spinal cord. 

Acute pain arises in response to acute 

20 noxious stimuli. Chronic pain is predominantly due to 
neuropathies of central or peripheral origin. This 
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neuropathic pain is the result of aberrant 
somatosensory processing that can result in increased 
sensitivity to a painful stimulus (hyperalgesia) and 
pain associated with a stimulus that does not usually 
5 provoke, pain (allodynia) . 

Intrathecal injection of morphine into the 
spinal subarachnoid space produces potent analgesia. 
Similarly, intrathecal administration of norepinephrine 
or noradrenergic agonists also produces analgesia. 

10 See, e.g., Sagen et al., prnc. Natl. Acad. Sci. USA, 
83, pp. 7522-26 (1986) . 

Co-administration of subeffective doses of 
opiates, such as enkephalins, and catecholamines, such 
as norepinephrine, may synergize to produce analgesia. 

15 JbirL Chromaffin cells in the adrenal medulla produce 
and release several neuroactive substances including 
norepinephrine, epinephrine, met-enkephalin, leu- 
enkephalin, neuropeptide Y, vasoactive intestinal 
polypeptide, somatostatin, neurotensin, cholecystokinin 

20 and calcitonin gene-related peptide. See, e.g., Sagen 
et al., Prnr. Natl. Acad. SqX , ^^h , 83, pp. 7522-26 
(1986); Sagen et al.. Jour. Neurochem,, 56, pp. 623-27 
(1991) . 

Because chromaffin cells produce both opioid 
25 peptides and catecholamines, one approach to reduction 
of nociceptive response or pain sensitivity has 
investigated transplanting adrenal medullary tissue, as 
well as isolated adrenal chromaffin cells, directly 
into CNS pain modulatory regions, in attempts to 
30 provide analgesia. See, e.g., Sagen et al., Bx^xn 
384, pp. 189-94 (1986); Vaguero et al., 
Neuroreoort. 2, pp. 149-51 (1991); Ginzberg and 
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Seltzer, P^r^^in' Re.search, 523, pp. 147-50 (1990); Sagen 
et alw Pain , 42. pp. 69-79 (1990). 

Attempts to produce analgesic have been made 
using both allogeneic and xenogeneic chromaffin tissue 
5 or cells transplants. Allograft tissue is in limited 
supply, and is not readily available, particularly for 
in human pain treatment programs. In addition, 
allogeneic human tissue carries the risk of pathogenic 
contamination. .See e.g., Hama and Sagen, Erain 

10 E3^3^r£h, 651, pp. 183-93 (1994). 

Xenogeneic donors may provide large \ 
quantities of material that can be readily obtained. 
For this reason, bovine adrenal tissue has been used. 
See, e.g., Hama and Sagen, Bx^xn ..RRafiAXghL/ 651, 

15 pp. 183-93 (1994) . 

However, potentially serious host 
consequences, as well as ultimate graft rejection, are 
inherent problems in transplantation between disparate 
species. Complete graft rejection of whole or 

20 dissociated tissue may occur even in the CNS, normally 
thought to be immunologically privileged, due to 
presence of highly antigenic cells in the xenografts, 
particularly endothelial cells. In addition, the donor 
tissue must be carefully screened to avoid introduction 

25 of viral contaminants, or other pathogens, to the host. 
To overcome graft rejection, immunosuppression is 
required typically using cyclosporine A, 

Some reduction in pain sensitivity has been 
reported resulting from these transplants, particularly 

30 for the reduction of low intensity chronic pain. In 
most reports, significant differences between control 
and transplanted animals were noted only after nicotine 
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administration to stimulate opioid peptide production. 

However, there have been some reports that analgesia 

has been observed in a rat chronic pain model from 

basal level activity of chromaffin tissue allografts. 
5 See; e.g., Vaquero et al., Neu^QR^PQ^Tt;/ 2, pp. 149-51 

(1991) and Hama and Sagen, Brain Resear^A. 651, pp. 

183-93 (1994). 

Bovine adrenal chromaffin cells have been 

encapsulated to form a bioartif icial organ ("BAO") for 
10 implantation into rats for the- treatment of acute and 

chronic pain. See, e.g., Sagen et al., J. NftUrPSgAwu/ . 

13, pp. 2415-23 (1993) and Hama et al., 7t;h WQ?r,ld 

rnnaress Pain. Abstract 982, Paris France (1993). 

Initial trials in human subject have been conducted 
15 using encapsulated bovine chromaffin cells. See, 

Aebischer et al., Ti7jqp<:;nlantation. 58, pp. 1275-77 

(1994) . 

There have also been attempts to induce 
antinociception using other cells, e.g., AtT-20 cells. 

20 AtT-20 cells were originally derived from a mouse 

anterior pituitary tumor. These cells synthesize and 
secrete fi-endorphin. See, e.g., Wu et al,, v7„ Neu^aA 
Transnl, & Plasticiliv. 5, pp. 15-26 (1993). 
AtT-20/hENK cells are AtT-20 cells that have been 

25 genetically engineered to carry the entire human pro- 
enkephalin A gene (i.e. containing 6 met-enkephalin 
sequences and one leu-enkephalin sequence) with 200 
bases of 5 '-flanking sequence and 2.66 kilobases of 3' 
flanking sequence. See Wu et al., Slffisa./ Comb et al-, 

30 EMBQ_J^/ 4, pp. 3115-22 (1985). 

Wu et al., J. Neural Transpil. PlagtXcjJ;^ / 
5, pp. 15-26 (1993) refers to rat hosts transplanted 
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with AtT-20 or AtT-20/hENK cells. Unstimulated AtT- 
20/hENK cells produced more antinociception (tail flick 
test) than produced by AtT-20 implants. In contrast, 
isoproterenol stimulation produced more antinociception 
5 with AtT-20 cells than with AtT-20/hENK cells. Ikid. 

In mice hosts, AtT-20 or AtT-20/hENK implants 
did not affect basal response to thermal nociceptive 
stimuli. Mice receiving AtT-20 implants developed 
tolerance to B-endorphin and a u-opioid agonist 

10 (DAMGO) . Mice receiving AtT-2Q/hENK implants developed 
tolerance to an 6-opioid agonist (DPDPE) . In response 
to repeated doses of an p opiate agonist, mice 
receiving AtT-20/hENK implants developed less tolerance 
compared to mice receiving AtT-20 cells or controls. 

15 The antinociceptive effect of isoproterenol 

treatment appeared equal in mice receiving AtT-20 or 
AtT-20/hENK cell implants. See, Wu et al., iL.. 
KFpnrnc^ri^nce. 14, pp. 4806-14 (1994). Wu et al . 
speculated that one reason for the absence of 

20 additional antinociception in mice implanted with 

enkephalin producing AtT-20/hENK cells may be due to 
lack of sensitivity of the behavioral assays. Another 
possible reason was that met-enkephalin ' s known 
antagonist effect on morphine induced antinociception 

25 offset the potentiating effect of the single 

leu-enkephalin, particularly since there are 6 met- 
enkephalin sequences for each leu-enkephalin sequence 
in pro-enkephalin A. 
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Summary of the IiiventJUm 

The present invention provides a cell line 
that has been genetically engineered to produce at 
least one analgesic compound from each of the groups 
5 consisting of endorphins, enkephalins, and 

catecholamines. The cell line may be used in the 
treatment of pain. 

There are advantages to using a cell line 
over the use of primary cells. Expensive and time 

10 consuming testing to ensure safety and performance 
criteria for cells must be performed for individual 
isolations of primary cells. Less testing is required 
of a cell bank. There is no need to isolate primary 
cells. Output of the desired analgesics may be more 

15 stable since the performance of primary cells may be 
dependent on the age, sex, health or hormonal status of 
the donor animal. It is also possible to achieve 
higher output of the desired products, as well as to 
engineer specifically modified peptides into the cell 

20 line. This permits delivery of multiple analgesics 
simultaneously. Expression of one or more of the 
analgesics can be regulated (by using a regulatable 
promoter to drive expression) . In addition, for 
safety, a "suicide" gene can be incorporated into the 

25 cell line. Further, for encapsulation purposes 

proliferating cells have the advantage that they divide 
to replace dying or dead cells. 
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Rrief Descript-ion of the Drawing 

Figure 1 is a plasmid map of vector pBS- 
hPOMC-027, pBS-IgSP-hPOMC-028 and pBS-IgSP-hPOMC-AACTH- 
029. 

5 Figure 2 is a plasmid map of vectors pCEP4- 

hPOMC-030, pCEP4-hPOMC-031, pcDNA3-hPOMC-034 and 
pcDNA3-hPOMC-035 . 

Figure 3 is a plasmid map of vectors pCEP4- 
hPOMC-AACTH-032, pCEP4-hPOMC-AACTH-033, pcDNA3-hP0MC- 
10 AACTH-36 and pcDNA3-hPOMC-AACTH-037 . 

Figure 4 is a plasmid map of vectors pcDNA3- 
rTH-044, pcDNA3-rTHA-045, and pcDNA3-rTHDKS-075 (also 
represented as pcDNA3-rTHAKS-075) . 

Figure 5 is a plasmid map of vectors pcDNA3- 
15 rTHA-IRES-bDBH-088 and pcDNA3-rTHAKS-IRES-bDBH-076 . 

Figure 6 is a plasmid map of vector pZeo- 
Pcmv-rTHAKS-IRES-bDBH-088 . 

Figure 7 is a plasmid map of vector pBS-Pcmv- 
rTHAIRES-bDBH-067 . 
20 Figure 8 is a plasmid map of vector pBS- 

hPOMC-AACTH-IRES-rTHAIRES-bDBH-068, 

Figure 9 is a plasmid map of vector pcDNA3- 
hPOMC-AACTH-IRES-rTHA-IRES-bDBH-069. 

Figure 10 is a plasmid map of vector pcDNA3- 
25 IRES-Zeocin-072 . 

Figure 11 is a plasmid map of vector pcDNA3- 
hPOMC-AACTH-IRES-rTHA-IRES-bDBH-IRES-Zeocin-073. 

Figure 12 is a plasmid map of vector pcDNA3- 
hPROA+KS-091. 



SUBSnniTE SHEET (RULE2S) 



wo 96/40959 PCT/US96/09629 



- 8 - 

pptaiied Descrinri,Qn of tM In-v^nti^QU 

In order that this invention may be more 
fully understood, the following detailed description is 
set forth. 

5 Any suitable cell may be transformed with the 

recombinant DNA molecules of this invention. Among the 
contemplated cells are chromaffin cells, including 
conditionally immortalized chromaffin cells such as 
those described in WO 96/02646, Neuro-2A, PC12, PC12a, 

10 SK-N-MC, AtT-20, and RIN cells including RINa and RINb. 
Preferably the cell has endogenous prohormone 
convertases and/or dopa decarboxylases. 

SK-N-MC cells, a neuroepithelioma cell line, 
co-expresses several neuropeptides, including 

15 enkephalin, cholecystokinin and gastrin-releasing 

peptide. See, e.g., Verbeeck et al., J . BXQl, Ghenu ^ 
265, pp. 18087-090 (1990). The pro-enkephalin A gene 
has been expressed in SK-N-MC cells. See, e.g., 
Folkesson et al., Mol ■ Brain Res..> 3, pp. 147-54 

20 (1988). We prefer AtT-20 and RIN cells, most 
preferably RIN cells. 

RIN cells are a pancreatic endocrine cell 
line derived from rat. See, e.g., Horellou et al., 
.7. Phvsiol.. 85, pp. 158-70 (1991). RIN cells are 

25 known to endogenously produce GABA and li-endorphin. 

Some of the characteristics of various 
contemplated cells are shown in Table 1. 
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10' 



15 



20 



25 



30 



Cells 

Chromaffin 

PC12. PC12a 

AtT-20 

RINa 

RINb 

Neuro 2A 

TH = 
DDC = 
D{3H = 
PC = 



Table 1 
Analgesic Substances 
NE, met-enkephalin 
low NE & met-enkephalln 
(^-endorphin 
P-endorphin« GA6A 
3-endorphin 



Other Components 
TH, DDC, DPH, PC 
DDC, D0H. PC 
DDC. PC 
DDC, PC 
DDC, PC 
DDC, DpH. PC 



AtT20 = 
Neuro 2A - 



Tyrosine hydroxylase converts tyrosine - l-dopa 
Dopamine decarboxylase converts l-dopa - dopamine (DA) 
Dopamine P-Hydroxyiase converts DA - norepinephrine (NE) 
Prohormone Convertases process POMC to P-endorphin and Pro- 
enkephalin A (ProA) to met-enkephalin. 

Mouse pituitary corticotroph cell line that endogenously secretes P-endorphin 
via expression of Pro-opiomelanocortin (POMC). 
Rat insulinoma 
Mouse neuroblastoma 



The primary delivery products include at 
least one each of an endorphin, an enkephalin and a 
catecholamine. 

Enkephalins and endorphins are endogenous 
opioid peptides in humans- These opioid peptides 
comprise approximately 15 compounds ranging from 5 to 
31 amino acids. These compounds bind to and act at 
least in part via the same u opioid receptor as 
morphine, but are chemically unrelated to morphine. In 
addition, these compounds stimulate other opiate 
receptors. Yaksh and Malmberg, Tft?^tbgQK Of ^^xn, 3rd 
Ed. (Eds. P. Wall and R. Melzack) , "Central 
Pharmacology of Nociceptive Transmission," pp. 165-200, 

1994 (New York) . 

The opioid peptides have common chemical 
properties, but are synthesized in different pathways. 
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ii-endorphin, the most abundant endorphin, is 
synthesized as part of a larger precursor molecule/ 
pro-opiomelanocortin ("POMC") . The POMC molecule 
contains the full sequence of adrenocorticotrophic 
5 hormone ("ACTH"), a-melanocyte-stimulating hormone 

("a-MSH"); fl-MSH, and fi-lipotropin. The POMC precursor 
molecule also has the potential to generate other 
endorphins, including a-endorphin and gamma- endorphin. 
Processing of the POMC precursor occurs differently 

10 within various tissues according to the localization of 
cleavage enzymes, such as prohormone convertases, 
within those tissues. 

In the pituitary, POMC is cleaved to produce 
ACTH and B-endorphin, and the ACTH is not further 

15 processed. In contrast, in the hypothalamus, ACTH is 
converted to Ji-MSH. While different cell types may 
synthesize the same primary gene product, the final 
profile of hormone secretion may differ widely. 

This invention contemplates use of a DNA 

20 sequence encoding any suitable endorphin that has 

analgesic activity- In addition, analogs or fragments 
of these endorphins that have analgesic activity are 
also contemplated. Thus the endorphin to be produced 
by the cells of this invention may be characterized by 

25 amino acid insertions, deletions, substitutions and 
modifications at one or more sites in the naturally 
occurring amino acid sequence of the desired endorphin. 
We prefer conservative modifications and substitutions 
(i.e., those having a minimal effect on the secondary 

30 or tertiary structure of the endorphin and on the 
analgesic properties of the endorphin) . Such 
conservative substitutions include those described by 
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Dayhoff in Atlas of P rotein Sequence and Structure/ 5, 
(1978) anri hy Argos. Embo J. , 3, pp. 779-85 (1989). 

Techniques for generating such variants of 
naturally occurring endorphins are well known. For 
5 example/ codons in the DNA sequence encoding the wild 
type endorphin may be altered by site specific 
mutagenesis . 

This invention contemplates using a DNA 
sequence encoding the entire POMC precursor molecule. 
10 This embodiment takes advantage of the host cell's 
cleavage enzymes (i.e., Prohormone convertase 2) to • 
generate a suite of endorphins, some or all of which 
may have analgesic properties. 

This invention also contemplates use of DNA 
15 fragments of the POMC gene that encode a particular 
desired endorphin. 

The DNA and amino acid sequence of POMC are 
well known. Cochet et al., HatU££/ 297, pp. 335-9 
(1982); Takahashi et al., Niicl. Acids Res^# 11/ 
20 pp. 6847-58 (1983) . 

We prefer a DNA sequence encoding POMC in 
which the ACTH coding region has been deleted. The 
preferred endorphin encoded by this construct is 
fi-endorphin. 

25 Some enkephalins are synthesized in the 

adrenal glands as part of a large protein, pro- 
enkephalin A, that contains six repeats of the Met- 
enkephalin sequence and one Leu-enkephalin structure. 
Met-enkephalin, as well as Met-enkephalin-Arg-Phe and 

30 Met-enkephalin-Arg-Gly-Leu have significant 

antinociceptive activity. See, e.g., Sagen et al. 
Brain Res. . 502, pp. 1-10 (1989). 
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Other enkephalins, i.e., dynorphins and neo- 
endorphins are derived from a distinct molecule, pro- 
enkephalin B. Additional "cryptic" peptides are also 
encoded within the structure of these precursor 
5 proteins, and may be released by "pro-hormone-type" 
cleavage. See, e.g., Harrison's "Principles Of 
Internal Medicine", 12th Edition, pp. 1168-69 (1991). 

This invention contemplates use of a DNA 
sequence encoding any suitable enkephalin that has 

10 analgesic activity. Analogs and active fragments that 
have analgesic properties are also contemplated. Such 
analogs or fragments may thus have amino acid 
insertions, deletions, substitutions at one or more 
sites in the naturally occurring amino acid sequence. 

15 Such variants may be generated as described above. 

This invention contemplates use of a DNA 
sequence encoding a desired enkephalin in its "mature" 
form. In addition, this invention contemplates using a 
DNA sequence encoding the entire pro-enkephalin A 

20 precursor, or the entire pro-enkephalin B precursor. 
Further, we also contemplate using DNA encoding a 
fusion, or fragment of these sequences, that upon 
expression yields one or more enkephalin-like molecules 
that have analgesic properties. 

25 We prefer use of a DNA sequence encoding the 

entire pro-enkephalin A precursor molecule. The DNA 
and amino acid sequence of pro-enkephalin A are well 
known. Folkesson . s^m^^ This embodiment takes 
advantage of the host cell's cleavage enzymes, such as 

30 prohormone convertase, to generate a suite of 

enkephalins, some or all of which may have analgesic 
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properties. The preferred enkephalin encoded by this 
construct is Met-enkephalin. 

There are three naturally occurring 
catecholamines which function as neurotransmitters in 
5 the central nervous system; norepinephrine ("NE")/ 

epinephrine ("E"), and dopamine, NE is associated with 
postganglionic sympathetic nerve endings. NE exerts 
its effects locally in the immediate vicinity of its 
release. 

10 Catecholamines are synthesized from the- amino 

acid tyrosine, which is sequentially hydroxylated to 

form dihydroxyphenylalanine (dopa) , decarboxylated to 

form dopamine, and then hydroxylated on the beta 

position of the side chain by dopamine' beta hydroxylase 
15 to form NE. Harrison' s," .SiiELa/ pp- 380. NE is 

N-methylated to E by phenylethanolamine-N 

methyltransf erase ("PNMT") . 

Hydroxylation of tyrosine by tyrosine 

hydroxylase ("TH") is the rate limiting step in NE 
20 synthesis. Regulation of dopa and NE synthesis in the 

adrenal medulla may be accomplished by changes in the 

amount and the activity of TH. 

In addition, regulation of synthesis of E 

from NE may occur by changes in the amount and the 
25 activity of phenylethanolamine-N-methyltransf erase 
("PNMT") . PNMT is inducible by glucocorticoids from 

the adrenal cortex. IMd* 

Catecholamines are maintained in high 

concentration in adrenal medullary chromaffin tissue, 
30 mostly as E. Opioid peptides are also stored in the 

adrenal gland. 
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NE and E have similar affinities at a2 
receptors and therefore both potentially contribute to 
analgesia. Bylund, 6, PP. 832-39 (1992). 

The enkephalin peptides that predominantly include met- 
5 enkephalin selectively activate delta (6) opioid 
receptors. Reisine and Bell, Trends NeMrPSC;^/ 16, 
pp. 506-10 (1993) . Activation of 02 adrenergic and 5 
opioid receptors in the spinal cord each result in 
antinociception and are potentially synergistic. Yaksh 
10 and Malmberg, Pro gress in Pain Research and ManaqemfiJ^t; / 
Vol. 1, Ed. Fields and Lisbeskind, lASP Press, Seattle, 
pp. 141-71 (1994) . Activation of 5 versus (u) opioid 
receptors in experimental animals results in fewer 
adverse side effects including constipation and 
15 addiction liability (Lee et al., ^7 ■ PhamflCOi^. EW. 
liiei^, 267, pp. 883-87 (1993) . The combined delivery 
of different opioidergic and adrenergic agents may 
decrease the magnitude of tolerance that develops to a 
single agent and lead to sustained pain relief. Yaksh 
20 and Reddy, Anpsthesiol . . 54, pp. 451-67 (1981). 

This invention contemplates use of a DNA 
sequence encoding catecholamine biosynthetic enzymes or 
analogs or fragments thereof to obtain catecholamines 
that have analgesic properties. The preferred 
25 catecholamines in this invention are NE and E. 

In one embodiment, the host cell is 
transformed with the genes necessary to accomplish 
production of NE or E, as desired. The selection of 
heterologous gene sequences required depends upon the 
30 complement of catecholamine synthesizing enzymes 

normally occurring in the host cell. For example, RIN 
cells, and AtT-20 cells lack tyrosine hydroxylase 
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("TH") and dopamine beta hydroxylase ("DBH")- However, 
RIN and AtT-20 cells contain endogenous dopa 
decarboxylase ("DDC") . If the desired catecholamine is 
E, then the gene encoding PNMT is also required. The 
5 gene encoding PNMT is known. Baetge et al., P?rpg. 
Nat'l Acad. Sci^, 83, pp. 5455-58 (1986). 

The gene encoding TH is known. See, e.g.. 
United States patent 5,300,436, incorporated herein by 
reference. Modified TH variants are also known. 

10 United States patent 5,300,436. In addition, truncated 
versions of TH that contain the necessary C-terminal 
catalytic domains are also known. See, e.g., Daubner . 
et al.. Protein Science. 2, pp. 1452-60 (1993). 

AtT-20 cells have been transformed with wild 

15 type TH, as well as various TH muteins. See, e.g., Wu 
et al., J- Riol. Chem. . 267, pp. 25754-758 (1992). 

The sequence of the DBH gene is also well 
known. See, e.g., Lamoroux et al., EMSQ—sL.-/ 6, 
pp. 3931-37 (1987) . 

20 It will be appreciated that in addition to 

the preferred DNA sequences described herein, there 
will be many degenerate DNA sequences that code for the 
desired analgesics. 

Secondary compounds with potential analgesic 

25 action may also be produced by the cells of this 
invention. Such compounds include galanin and 
somatostatin. In addition, neuropeptide Y, neurotensin 
and cholecystokinin may be produced by the transformed 
cells of this invention. The cells of this invention 

30 may normally produce some or all of these compounds, or 
may be genetically engineered to do so using standard 
techniques. 
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Standard methods may be used to obtain or 
synthesize the genes encoding the analgesic compounds 
to be produced by the cells of this invention. 

For example, the complete amino acid sequence 
5 of the desired compound may be used to construct a 
back-translated gene. A DNA oligomer containing a 
nucleotide sequence coding for the desired analgesic 
compound may be synthesized. For example, several 
small oligonucleotides coding for portions of each 
10 desired polypeptide may be synthesized and then 

ligated. The individual oligonucleotides typically 
contain 5' or 3' overhangs for assembly. 

The DNA sequence encoding each desired 
analgesic compound, may or may not also include DNA 
15 sequences that encode a signal sequence. Such signal 
sequence, if present, should be one recognized by the 
cell chosen for expression of the analgesic compound. 
It may be prokaryotic, eukaryotic or a combination of 
the two. It may also be the signal sequence of the 
20 native compound. It generally is preferred that a 

signal sequence be encoded and most preferably that the 
native signal sequence be used. 

Once assembled, the DNA sequences encoding 
the desired compounds will be inserted into one or more 
25 expression vectors and operatively linked to expression 
control sequences appropriate for expression in the 
desired transformed cell. 

Proper assembly may be confirmed by 
nucleotide sequencing, restriction mapping, and 
30 expression of a biologically active polypeptide in the 
transformed cell. As is well known in the art, in 
order to obtain high expression levels of a transfected 
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gene in a host, the gene must be operatively linked to 
transcriptional and translational expression control 
sequences that are functional in the chosen expression 
cell . 

5 The choice of expression control sequence and 

expression vector will depend upon the choice of cell. 
A wide variety of expression host/vector combinations 
may be employed. Useful expression vectors for 
eukaryotic hosts, include, for example, vectors 

10 comprising expression control sequences from SV40, 

bovine papilloma virus, adenovirus and cytomegalovirus. 

We prefer pcDNA3, pCEP4, pZeoSV (InVitrogen, 
San Diego) and pNUT. 

Any of a wide variety of expression control 

15 sequences may be used in these vectors. Such useful 
expression control sequences include the expression 
control sequences associated with structural genes of 
the foregoing expression vectors. Examples of useful 
expression control sequences include, for example, the 

20 early and late promoters of SV40 or adenovirus, the 
promoter for 3-phosphoglycerate kinase or other 
glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast a-mating system 
and other sequences known to control the expression of 

25 genes of eukaryotic cells or their viruses, and various 
combinations thereof - 

It should of course be understood that not 
all vectors and expression control sequences will 
function equally well to express the DNA sequences 

30 described herein. Neither will all cells function 

equally well with the same expression system. However, 
one of skill in the art may make a selection among 
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these vectors, expression control sequences and cells 
without undue experimentation. For example, in 
selecting a vector, the host cell must be considered 
because the vector must replicate in it. The vector's 
5 copy number, the ability to control that copy number, 
and the expression of any other proteins encoded by the 
vector, such as antibiotic markers, should also be 
considered. 

In selecting an expression control sequence, 
10 a variety of factors should also be considered. These 
include, for example, the relative strength of the 
sequence, its controllability, and its compatibility . 
with the actual DNA sequence encoding the desired 
analgesic compounds, particularly as regards potential 
15 secondary structures. Host cells should be selected by 
consideration of their compatibility with the chosen 
vector, the toxicity of the product coded for by the 
DNA sequences, their secretion characteristics, their 
ability to fold the polypeptides correctly, and their 
20 culture requirements. If the host cell is to be 
encapsulated, cell viability when encapsulated and 
implanted in a recipient should also be considered. 

Within these parameters, one of skill in the 
art may select various vector/ expression control 
25 sequence/host combinations that will express the 
desired DNA sequences in culture. 

In one embodiment, cells (e.g., RIN cells) 
are sequentially transformed with 4 separate expression 
vectors containing the POMC gene, the pro-enkephalin A 
30 gene, the TH gene and the DBH gene. In such a 

transformed host cell, amplification of copy number of 
the heterologous genes is more difficult to achieve. 
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Thus use of fewer expression vectors is preferred. Most 
preferably, a single expression vector, containing all 
4 heterologous genes, is used. 

In a particular embodiment RIN cells are 
5 sequentially transformed with 3 expression vectors. 

The first vector contains the POMC gene operably linked 
to the CMV promoter. Preferably a truncated version of 
the POMC gene is used, having the ACTH coding region 
deleted. The second vector contains the pro-enkephalin 

10 A gene operably linked to the CMV promoter. Preferably 
the proA construct contains the Kozak sequence 
immediately upstream of the start codon. The third 
vector contains both the TH gene (preferably truncated 
and having the Kozak consensus sequence immediately 

15 upstream of the start codon) and the DBH gene. In this 
embodiment, the TH gene is operably linked to the CMV 
promoter. The DBH gene is operably linked to an 
internal ribosome entry site promoter sequence. RIN 
cells are then transformed sequentially with each 

20 expression vector according to known protocols. 

In another embodiment, a single expression 
vector containing the pro-enkephalin A gene, the POMC 
gene, the TH gene, and the DBH gene is constructed. 
Preferably, the ACTH region of the POMC gene is 

25 deleted. Preferably the TH gene is truncated. 

Multiple gene expression from a single 
transcript is preferred over expression from multiple 
transcription units. One approach for achieving 
expression of multiple genes from a single eukaryotic 

30 transcript takes advantage of sequences in picorna 
viral mRNAs known as internal ribosome entry sites 
{"IRES") . These sites function to facilitate protein 
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translation from sequences located downstream from the 
first AUG of the mRNA. 

Macejak and Sarnow reported that the 5' 
untranslated sequence of the immunoglobulin heavy chain 
5 binding protein (BiP, also known as CRP 78, the 

glucose-regulated protein of molecular weight 78,000) 
mRNA can directly confer internal ribosome binding to 
an mRNA in mammalian cells, in a 5 '-cap independent 
manner, indicating that translation initiation by an 
10 internal ribosome binding mechanism is used by this 
cellular mRNA. Jaa^UES 353, pp. 90-94 (1991). 

WO 94/24870 refers to use of more than two 
IRES for translation initiation from a single 
transcript, as well as to use of multiple copies of the 
15 same IRES in a single construct. 

This invention also contemplates use of a 
"suicide" gene in the transformed cells. Most 
preferably, the cell carries the TK (thymidine kinase) 
gene as a safety measure, permitting the host cell to 
20 be killed in vivo by treatment with gancyclovir. 

Use of a "suicide" gene is known in the art. 
See, e.g., Anderson, published PCT application 
WO 93/10218; Hamre, published PCT application 
WO 93/02556. The recipient's own immune system 
25 provides a first level of protection from adverse 

reactions to the implanted cells. If encapsulated, the 
polymer capsule itself may be immuno-isolatory. The 
presence of the TK gene (or other suicide gene) in the 
expression construct adds an additional level of safety 
30 to the recipient of the implanted cells. 

Preferred vectors for use in this invention 
include those that allow the DNA encoding the analgesic 
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compounds to be amplified in copy number. Such 
amplifiable vectors are well known in the art. They 
include, for example, vectors able to be amplified by 
DHFR amplification {see, e.g./ Kaufman, United States 
5 Patent 4,470,461, Kaufman and Sharp, "Construction Of A 
Modular Dihydrafolate Reductase cDNA Gene: Analysis Of 
Signals Utilized For Efficient Expression", MqJL. Q^XX^u 
aifiljL/ 2, pp- 1304-19 (1982)) or glutamine synthetase 
("GS") amplification (see, e.g., United States patent 

10 5,122,464 and European published application 338,841). 
Such amplification can be used to increase output of 
the desired analgesic compounds. 

Other techniques for increasing the output of 
the desired analgesic compounds are contemplated. For 

15 example, subcloning existing polyclonal cell lines is 
contemplated. Cells are cloned by limiting dilution to 
a single cell in each well. Cell clones are cultures, 
and the clones are tested to select the clone with the 
highest output of analgesic substances. 

20 Another technique for increasing the output 

of the desired analgesic compounds involves cloning 
altered forms of biosynthetic enzymes with higher 
activity than the wild type form (i.e., the truncated 
TH 1-155) , Some truncated forms of TH have 4-6 times 

25 increased activity over the wild type form of TH. See, 
e.g., Daubner et al., "Expression and characterization 
of catalytic and regulatory domains of rat tyrosine 
hydroxylase" Prntein Science, 2, pp. 1452-60 (1993). 

In addition, use of tyrosine-f ree media to 

30 select to increase tetrahydrobiopterin cofactor levels 
may potentially increase tyrosine hydroxylase activity. 
See, e.g., Horellou et al., "Retroviral transfer of a 
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human tyrosine hydroxylase cDNA in various cell lines; 
regulated release of dopamine in mouse anterior 
pituitary AtT-20 cells", ?XQQ. NatK hQ^<^n ^qX. USA/ 
86, pp. 7233-37 (1989) . 
5 Preferably/ the output of B-endorphin ranges 

between 1 and 10,000 pg/10^ cells/hr. Preferably, the 
output of met-enkephalin ranges between 1 and 10,000 
pg/10^ cells/hr. Preferably, the output of 
catecholamines ranges between 1 and 1,000 pmoles/10^ 
10 cells/hr. 

The cells- of this invention may be implanted 
into a mammal, including a human, for the treatment, of 
pain. If implanted unencapsulated, any suitable 
implantation protocol may be used, including those 

15 outlined by Sagen et al.. United States patent 
4,753, 635', incorporated herein by reference. 

It may be desirable to encapsulate the 
genetically modified cells of this invention before 
implantation. Such encapsulated cells form a 

20 bioartificial organ ("BAO") . BAOs may be designed for 
implantation in a recipient or can be made to function 
extra-corporeaily. The BAOs useful in this invention 
typically have at least one semipermeable outer surface 
membrane or jacket surrounding a cell-containing core. 

25 The jacket permits the diffusion of nutrients, 
biologically active molecules and other selected 
products through the BAO. The BAO is biocompatible. 

In some cases, the membrane may serve to also 
immunoisolate the cells by blocking the cellular and 

30 molecular effectors of immunological rejection. The 
use of immunoisolatory membranes allows for the 
implantation of alio and xenogeneic cells into an 



iDBSnnHSIIEErCRIILEIfi) 



wo 96/40959 



PCT/US96/09629 



- 23 - 

individual without the use of immunosuppression. If 
biologically active molecules are released from the 
isolated cells, they pass through the surrounding 
semipermeable membrane into the recipient's body. If 
5 metabolic functions are provided by the isolated cells, 
the substances to be metabolized enter the BAO from the 
recipient's body through the membrane to be acted on by 
the cells. 

A variety of types of membranes have been 

10 used in the construction of BAOs. Generally, the 
membranes used in BAOs are either microporous ol: 
ultrafiltration grade membranes. A variety of membrane 
materials have been suggested for use in BAOs, 
including PAN/PVC, polyurethanes, polysufones, 

15 polyvinylidienes, and polystyrenes. Typical membrane 
geometries include flat sheets, which may be fabricated 
into ''sandwich" type constructions, having a layer of 
living cells positioned between two essentially planar 
membranes with seals formed around the perimeter of the 

20 device. Alternatively, hollow fiber devices may be 
used, where the living cells are located in the 
interior of a tubular membrane. Hollow fiber BAOs may 
be formed step-wise by loading living cells in the 
lumen of the hollow fiber and providing seals on the 

25 ends of the fiber. Hollow fiber BAOs may also be 

formed by a coextrusion process, where living cells are 
coextruded with a polymeric solution which forms a 
membrane around the cells. 

BAOs have been described, for example, in 

30 United States patent Nos. 4,892,538, 5,106,627, 
5,156,844, 5,158,881, and 5,182,111, and PCT 
Application Nos. PCT/US/94/07015, WO 92/19195, WO 
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93/03901, and WO 91/00119, all of which are 
incorporated herein by reference. 

BAOs may contain other components that 
promote long term survival of the encapsulated cells. 
5 For example, WO 92/19195 refers to implantable 
immunoisolatory biocompatible vehicles having a 
hydrogel matrix for enhancing cell viability. 

The encapsulating membrane of the BAO may be 
made of a material which is the same as that of the 
10 core, or it may be made of a different material. In 
either case, a surrounding or peripheral membrane 
region of the BAO which is permselective and 
biocompatible will be formed. The membrane may also be 
constructed to be immunoisolatory, if desired. The 
15 core contains isolated cells, either suspended in a 
liquid medium or immobilized within a hydrogel matrix. 

The choice of materials used to construct the 
BAO is determined by a number of factors and is 
described in detail in Dionne WO 92/19195. Briefly, 
20 various polymers and polymer blends can be used to 
manufacture the capsule jacket. Polymeric membranes 
forming the BAO and the growth surfaces therein may 
include polyacrylates (including acrylic copolymers), 
polyvinylidenes, polyvinyl chloride copolymers, 
25 polyurethanes, polystyrenes, polyamides, cellulose 
acetates, cellulose nitrates, polysulf ones, 
polyphosphazenes, polyacrylonitriles, 
poly(acrylonitrile/covinyl chloride), as well as 
derivatives, copolymers and mixtures thereof. 
30 BAOs may be formed by any suitable method 

known in the art. One such method involves coextrusion 
of a polymeric casting solution and a coagulant which 
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can include biological tissue fragments/ organelles/ or 
suspensions of cells and/or other therapeutic agents, 
as described in Dionne, WO 92/19195 and United States 
Patents 5/158/881/ 5,283/187 and 5/284,761, 
5 incorporated herein by reference. 

The jacket may have a single skin or a double 
skin. A single-skinned hollow fiber may be produced by 
quenching only one of the surfaces of the polymer 
solution as it is co-extruded. A double-skinned hollow 

10 fiber may be produced by quenching both surfaces of the 
polymer solution as it is co-extruded. 

Numerous capsule configurations, such as 
cylindrical, disk-shaped or spherical are possible. 

The jacket of the BAO will have a pore size 

15 that determines the nominal molecular weight cut off 
(nMWCO) of the permselective membrane. Molecules 
larger than the nMWCO are physically impeded from 
traversing the membrane. Nominal molecular weight cut 
off is defined as 90% rejection under convective 

20 conditions. In situations where it is desirable that 
the BAO is immunoisolatory, the membrane pore size is 
chosen to permit the particular factors being produced 
by the cells to diffuse out of the vehicle, but to 
exclude the entry of host immune response factors into 

25 the BAO. Typically the nMWCO ranges between 50 and 200 
kD, preferably between 90 and 150 kD. The most 
suitable membrane composition will also minimize 
reactivity between host immune effector molecules known 
to be present at the selected implantation site, and 

30 the BAO's outer membrane components. 

The core of the BAO is constructed to provide 
a suitable local environment for the particular cells 
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isolated therein. The core can comprise a liquid 
medium sufficient to maintain cell growth. Liquid 
cores are particularly suitable for maintaining 
transformed cell lines like PC12 cells. Alternatively, 
5 the core can comprise a gel matrix. The gel matrix may 
be composed of hydrogel (alginate, "Vitrogeni^", etc.) 
or extracellular matrix components. See, e.g., Dionne 

WO 92/19195. 

Compositions that form hydrogels fall into 

10 three general classes. The first class carries a net 
negative charge (e.g., alginate). The second class 
carries a net positive charge (e.g., collagen and 
laminin) . Examples of commercially available 
extracellular matrix components include Matrigel'" and 

15 Vitrogen™. The third class is net neutral in charge 
(e.g., highly crosslinked polyethylene oxide, or 
polyvinylalcohol) . 

Any suitable method of sealing the BAO may be 
used, including the employment of polymer adhesives 

20 and/or crimping, knotting and heat sealing. These 

sealing techniques are known in the art. In addition, 
any suitable "dry" sealing method can also be used. In 
such methods, a substantially non-porous fitting is 
provided through which the cell-containing solution is 

25 introduced. Subsequent to filling, the BAO is sealed, 
such a. method is described in copending United States 
application Serial No. 08/082,407, herein incorporated 

by reference. 

One or more in vitro assays are preferably 
30 used to establish functionality of the BAO prior to 
implantation in viv.o . Assays or diagnostic tests well 
known in the art can be used for these purposes. See, 
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e.g., Methods In EnzymQ^Q^V . Abelson [Ed], Academic 
Press, 1993. For example, an ELISA (enzyme-linked 
immunosorbent assay) , chromatographic or enzymatic 
assay, or bioassay specific for the secreted product 
5 can be used. If desired, secretory function of an 
implant can be monitored over time by collecting 
appropriate samples (e.g., serum) from the recipient 
and assaying them. If the recipient is a primate, 
microdialysis may be used. 

10 The number of BAOs and BAO size should be 

sufficient to produce a therapeutic effect upon- 
implantation is determined by the amount of biologrical 
activity required for the particular application. In 
the case of secretory cells releasing therapeutic 

15 substances, standard dosage considerations and criteria 
known to the art are used to determine the amount of 
secretory substance required. Factors to be considered 
are discussed in Dionne, WO 92/19195. 

Implantation of the BAO is performed under 

20 sterile conditions. Generally, the BAO is implanted at 
a site in the host which will allow appropriate 
delivery of the secreted product or function to the 
host and of nutrients to the encapsulated cells or 
tissue, and will also allow access to the BAO for 

25 retrieval and/or replacement. The preferred host is a 
primate, most preferably a human. 

A number of different implantation sites are 
contemplated. These implantation sites include the 
central nervous system, including the brain, spinal 

30 cord, and aqueous and vitreous humors of the eye. 

Preferred sites in the brain include the striatum, the 
cerebral cortex, subthalamic nuclei and nucleus Basalis 
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of Meynert. Other preferred sites are the 
cerebrospinal fluid/ most preferably the subarachnoid 
space and the lateral ventricles. This invention also 
contemplates implantation into the kidney subcapsular 
5 site, and intraperitoneal and subcutaneous sites, or 
any other therapeutically beneficial site. 

In order that this invention may be better 
understood, the following examples are set forth. 
These examples are for purposes of illustration only, 
10 and are not to be construed as limiting the scope of 
this invention in any manner. 

Consfc^uetion of Polvcistronic ^xpy^^^Xon V^gtoyg 

Construction of IgSP-POMC Fusion 

15 The Smal-Sall fragment containing the human 

POMC exon 3 was subcloned into pBS cloning vector 
(Stratagene) . See Takahashi , suP-JCa; CQC:lhe„t./ gupra > 
The resulting plasmid was named as pBS-hPOMC-027 . See 
Fig. 1- 

20 A PGR fragment was generated using two 

oligonucleotide primers, termed oCNTF-003 (SEQ ID 
NO: 1) and oIgSP-018, (SEQ ID NO: 2) and the pNUT 
plasmid containing the human CNTF gene. See Baetge 
et al., Prnr. Natl. Acad. Sci. USA , 83, pp. 5454-58 

25 (1986) . Both primers oCNTF-003 and oIgSP-018, contain 
synthetic BamHI and Smal restriction sites, 
respectively, at the 5' ends. 

The 196 base pair (bp) PGR fragment was 
digested with restriction endonucleases BamHI and the 

30 Smal-isoschizomer Xmal, and electrophoresed through an 
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1% SeaPlaque agarose. The 193 bp Hindlll/Xmal DNA 
fragment was excised and purified using the FHC 
SpinBind DNA purification kit (FKC BioProducts, 
Rockland, ME) • 
5 pBS-hPOMc-027 was also digested with BamHI 

and Xmal and purified from 1% SeaPlaque agarose using 
the mc SpinBind DNA purification kit (FMC BioProducts, 
Rockland, ME) . The ligation mixture was transformed 
into E, coli DH5a (Gibco BRL, Gaithersburg, MD) . 

10 Positive sub-clones were initially identified 

by the cracking gel procedure (Promega Protocols and 
Applications Guide, 1991) . Minilysate DNA was then 
prepared using the FMC SpinBind DNA purification kit 
(FMC BioProducts, Rockland, ME) and subject to BamHI 

15 and Smal restriction digestions. The positive sub- 
clone was named as pBS-IgSP-hPOMC-02 8. See Fig. 1. 
The nucleotide sequence of the fusion junction in pBS- 
IgSP-hPOMC-028 was determined by the dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 

20 Cleveland) . The sequence of the IgSP-hPOMC fusion is 
shown in SEQ ID NO: 3. 

/I, 

Construction of IgSP-POMC Expression Vectors 

The IgSP-hPOMC DNA fragment in pBS-IgSP- 
hPOMC-028 was subcloned into pcDNA3 (Invitrogen Corp., 
25 San Diego, CA) and pCEP4 (Invitrogen Corp., San Diego, 
CA) in sense and anti-sense orientations. 

The Notl-Sall IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the Notl-Xhol digested 
pCEP4 resulting in the sense orientation clone named as 
30 pCEP4-hPOMC-030. Fig. 2. The BamHI-Sall IgSP-hPOMC 
fragment from pBS-IgSP-hPOMC-028 was ligated with the 
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BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-031 . Fig. 2. 
The insert orientation in pCEP4-hPOMC-030 and -031 was 
confirmed by BamHI, NotI, Sail and Notl/Sall 
5 restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) . 

The BamHI-Sall IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the BamHI-XhoI digested 

10 pcDNA3 resulting in the sense orientation clone named 
. as pcDNA3-hPOMC-034 . Fig. 2. The Notl-Hindlll IgSP- 
hPOMC fragment from pBS-IgSP-hPOMC-028 was ligated with 
the Notl-Hindlll digested pcDNA3 resulting in the anti- 
sense orientation clone named as pcDNA3-hPOMC-035. 

15 Fig. 2. Restriction digestion using Smal, BamHI, 

EcoRI, and BamHI/EcoRI was used to confirm the insert 
orientation in pcDNA3-hPOMC-034, whereas Hindlll, NotI 
and Sail were used for pcDNA3-hPOMC-035. 

Construction of ACTH Deleted IgSP-POMC 

20 The ACTH coding region in the POMC gene in 

pBS-IgSP-hPOMC-028 was deleted. pBS-IgSP-hPOMC-028 was 
first digested with Xmal restriction enzyme and treated 
with pfu DNA polymerase (Promega, Madison, WI) . The 
Xmal-pfu DNA polymerase treated pBS-IgSP-hPOMC-028 was 

25 then digested with StuI restriction enzyme and purified 
from 1% SeaPlaque agarose using the FMC SpinBind DNA 
purification kit (FMC BioProducts, Rockland, ME) . The 
self -ligation mixture was transformed into E. coli DHSof 
(Gibco BRL, Gaithersburg, MD) . Positive sub-clones 
30 were identified by BamHI/Hindlll restriction digestion 
and named as pBS-IgSP-hPOMCAACTH-029. See Fig. 1. The 
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nucleotide sequence of the ACTH deletion region in pBS- 
IgSP-hPOMC-Z^CTH-029 was confirmed by the 
dideoxynucleotide sequence determination. The sequence 
of the IgSP-hPOMC-AACTH fusion is shown in SEQ ID 
5 NO: 4. 

Construction of ACTH Deleted IgSP-POMC 
Expression Vectors 

The IgSP-hPOMC-AACTH DNA fragment in pBS- 
IgSP-hPOMC-ZlACTH-029 was subcloned into pdDNA3 

10 (Invitrogen Corp., San Diego, CA) and pCEP4 (Invitrogen 
Corp., San Diego, CA) in sense and anti-sense 
orientations. The Notl-Sall IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-AACTH-029 was ligated with the 
Notl-Xhol digested pCEP4 resulting in the sense 

15 orientation clone named as pCEP4-hPOMC-ZACTH-032 

{Fig. 3). The BamHI-Sall IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-AACTH-029 was ligated with the 
BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-AACTH-033 

20 (Fig. 3) . The insert orientation in pCEP4-hP0MC-AACTH- 
032 and -033 was confirmed by BamHI and EcoRI 
restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) . 

25 The BamHI-Sall IgSP-hPOMC-AACTH fragment from 

pBS-IgSP-hPOMC-AACTH-029 was ligated with the BamHI- 
Xhol digested pcDNA3 resulting in the sense orientation 
clone named as pcDNA3-hPOMAACTH-036 (Fig. 3). The 
Notl-Hindlll IgSP-hPOMC-AACTH fragment from pBS-IgSP- 

30 hPOMC-AACTH-029 was ligated with the Notl-Hindlll 
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digested pcDNA3 resulting in the anti-sense orientatio: 
clone named as pcDNA3-hPOMC-AACTH-037 (Fig. 3). 

Restriction digestion using PvuII and EcoRI 
was used to confirm the insert orientation in pcDNA3- 
5 hPOMC-AACTH-036, whereas Sail and EcoRI were used for 
pcDNA3-hPOMC-ZiACTH-037 . 

Cloning of Full Length and Truncated TH cDNA 

Total RNA from PC12 cells was prepared using 
the guanidinium thiocyanate-based TRI reagent 
10 (Molecular Research Center, Inc., Cincinnati, OH). 
Five hundred ng of PC12 total RNA was reverse 
transcribed at 42°C for 30 minutes in a 20pl reaction 
volume containing 10 mM Tris.HCl (pH 8.3), 50 mM KCl, 
4 inM of each dNTP, 5 mM MgCls, 1.25 pM oligo (dT) 15- 
15 mer, 1.25 pM random hexamers, 31 units of RNase Guard 
RNase Inhibitor (Pharmacia, Sweden) and 200 units of 
Superscript II reverse transcriptase (Gibco BRL, 
Gaithersburg, MD) . Two micro-liters of the above 
reverse transcribed cDNA was added to a 25 ul PCR 
20 reaction mixture containing 10 mM Tris.HCl (pH 8.3), 
50 mM KCl, 800 of each nM dNTP, 2 mM MgC12, 400 nM of 
primers #1 and #2, and 2.5 units of Thermua aguatjj^aia 
(Taq) DNA polymerase (Boehringer Mannheim, Germany) . 
To generate the full length TH cDNA, 
25 oligonucleotide primers orTH-052 (SEQ ID NO: 5) and 
orTH-053 (SEQ ID NO: 6) were used. For the truncated 
TH, primers orTH-054 (SEQ ID NO: 7) and orTH-053 (SEQ 
ID NO: 6) were used instead. These oligonucleotides 
were constructed based on published TH sequence 
30 information in Grima et al . , NatUXS, 326, pp. 707-11 
(1987); US patent 5,300,436, and Paubnef, SUPra- 
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Primers orTH-052 (SEQ ID NO: 5) and orTH-054 
(SEQ ID NO: 7) have synthetic Hindlll restriction site, 
at the 5' end where orTH-053 has BamHI at the 5' end. 
The PGR reaction mixtures were subject to 30 
5 amplification cycles consisted of: denaturation, 94 'C 
30 seconds (first cycle 2 minutes); annealing, BO'C 1 
minute; and extension, 12°C 3.5 minutes (last cycle 5 
minutes) . The 1537 bp full length and 1087 bp 
truncated rat TH PGR fragments were digested with 

10 restriction endonucleases BamHI and Hindi I I and 

resolved on an 1% SeaPlaque agarose gel. The 1531-bp 
and 1081-bp Hindlll/BamHI DNA fragments were excised 
and purified using the FMG SpinBind DNA purification 
kit (EKC BioProducts, Rockland, ME) . 

15 pcDNA3 expression vector was also digested 

with BamHI and Hindlll and purified from 1% SeaPlaque 
agarose using the FMG SpinBind DNA purification kit 
(FMG BioProducts, Rockland, ME) . The ligation mixture 
was transformed into E.coli DH5a (Gibco BRL, 

20 Gaithersburg, MD) . 

Gracking gel procedure (Promega Protocols and 
Applications Guide, 1991) was used to screen out the 
positive sub-clones. The identity of the correct 
clones was further verified by BamHI/Hindlll double 

25 digestion. 

The positive sub-clones for the full-length 
and truncated rat TH in pcDNA3 were named as pcDNA3- 
rTH-044 (Fig. 4) and pcDNA3-rTHA-045 (Fig. 4), 
respectively. The nucleotide sequence of both full- 
30 length and truncated rat TH PGR clones was determined 
by the dideoxynucleotide sequence determination using 
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the Sequenase kit (USBC, Cleveland) . The sequence of 
the rTHA construct is shown in SEQ ID NO: 16. 

To optimize the translation efficiency of the 
truncated rat TH, oligonucleotide primer orTH-078 (SEQ 
5 ID NO: 8) was designed so that the consensus Kozak 

sequence is immediate up stream to the start codon ATG. 
pcDNA3-rTHA-45 was used as the template in a 50 ]il PGR 
reaction mixture with reagent composition identical to 
the one described above with the exception that the 

10 oligonucleotide primers were replaced with orTH-078 
(SEQ ID NO: 8) and orTH-053 (SEQ ID NO: 6). The 1097 
bp PGR product was cloned into pcDNA3 in the same • 
manner as described above. The resulting sub- clone was 
named pcDNA3-rTHAKS-75 (Fig 4). The sequence of the 

15 rTHAKS construct is shown in SEQ ID NO: 17. 

Construction of rTH-IRES-bDBH Fusion Gene 

Recombinant PGR methodology was used to 
generate the rTH-IRES-bDBH fusion gene. 
Oligonucleotides oIRES-057 (SEQ ID NO: 9) and obDBH-065 

20 (SEQ ID NO: 10) are specific for IRES and bDBH gene 
sequences, respectively, and contain synthetic BamHI 
and NotI restriction sites at the 5' end, respectively. 
Oligonucleotides oIRES-bDBH-064 (SEQ ID NO: 11) and 
oIRES-bDBH-066 (SEQ ID NO: 12) are complementary to 

25 each other. Furthermore, oligonucleotide primer oIRES- 
bDBH-064 (SEQ ID NO: 11) has its 5' 16 nucleotides 
identical to the IRES sequence and its 3' 18 
nucleotides identical to the bDBH sequence; and vice 
versa for oIRES-bDBH-066 (SEQ ID NO: 12). 

30 Two first PGR reactions were carried out 

using oligonucleotide pairs oIRES-057/oIRES-bDBH-066 
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and oIRES-bDBH-064/obDBH-065 on templates pCTI-001 
(with an insert containing the IRES sequence shown in 
SEQ ID NO: 30) and pBS-bDBH-006 (containing the bovine 
DBH gene cloned from bovine adrenal chromaffin cells, 
5 Lamoroux et al., EMBO J. , 6, pp. 3931-37 (1987)) 

plasmids/ respectively. One hundred ng of template DNA 
was added to a 50 ul PGR reaction mixture containing 
10 mM Tris.HCl (pH 8.3), 50 mM KCl, 800 of each nM 
dNTP, 2 mM MgCl2, 400 nM of primers #1 and #2, and 2.5 

10 units of Thermus aouaticus (Taq) DNA polymerase 
(Boehringer Mannheim, German) . 

The PGR reaction mixtures were subject to 30 
amplification cycles consisted of: denaturation, 94 **C 
for 30 seconds (first cycle 2 minutes); annealing, 

15 50 '^G 1 minute; and extension, 72 °C 30 seconds (last 
cycle 5 minutes) . The PGR products were resolved on 1% 
TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PGR products were 
transfer to a tube containing 50 ul of PGR reaction 

20 mixtures identical to the one described above with the 
exception that the oligonucleotides oIRES-057 and 
obDBH-065 were used. 

The second PGR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 **G 

25 for 30 seconds (first cycle 2 minutes) ; annealing, 
60 '^C 30 seconds (second to fourth cycles 37 **G 2 
minutes); and extension, 72 ""C 30 seconds (last cycle 2 
minutes) . The 2407 bp IRES-bDBH fusion PGR product and 
the cloning vector pcDNA3-rTHA-45 were digested with 

30 BamHI and NotI restriction enzymes and subsequently 
purified from 1% SeaPlaque agarose gel using the FMC 
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SpinBind DNA purification kit (FMC BioProducts, 

Rockland, ME) . 

The ligation of IRES-bDBH/BamHI/Notl and 
pcDNA3-rTHA-045/BainHI/NotI would generate a rTH/i-IRES- 
5 bDBH expression vector named as pcDNA3-rTHA-IRES-bDBH- 
066 (Fig. 5) whereas that of IRES-bDBH/BamHI/NotI and 
pcDNA3-rTHAKS-075/BaniHI/NotI would generate a rTHAKS- 
IRES-bDBH expression vector, named as pcDNA3-rTHAKS- 
IRES-bDBH-076 (Fig. 5), where the start codon ATG in 

10 rTHA is preceded with a consensus Kozak sequence. The 
sequence of the rTHA- IRES -bDBH construct is shown in 
SEQ ID NO: 18. The sequence of the rTHAKS-IRES-bDBH 
construct is shown in SEQ ID NO: 19. The ligation 
mixture was transformed into DH5a (Gibco BRL, 

15 Gaithersburg, MD) . The positive clones were identified 
by the cracking gel procedure (Promega, Madison, WI) 
and restriction digestions using Hindi II, BamHI, 
Hindlll/BamHI, Smal and Notl. 

The 4114 bp Nrul-Xhol fragment containing the 

20 CMV promoter-rTHAKS-IRES-bDBH was excised out of 

pcDNA3-rTHAKS-IRES-bDBH-076 and subcloned into pZeoSV 
cloning vector (Invitrogen Corp., San Diego, CA) 
digested with Seal and Xhol in the multiple cloning 
site. The resulting expression vector was named as 

25 pZeo-Pcmv-rTHAKS-IRES-bDBH-088 (Fig. 6) . 

Construction of IgSP-hPOMC ACTH- 
rTHD- IRES -bDBH Fusion Gene 

The 4100 bp NruI-NotI fragment containing the 
CMV promoter, rTHD-IRES-bDBH fusion gene, and BGH 
30 polyadenylation sequence was excised out of pcDNA3- 
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rTHA-IRES-bDBH-066 and subcloned into the pBS 

(Stratagene, La Jolla, CA) cloning vector. 

The resulting plasmid pBS-Pcmv-rTHZ^-IRES- 

bDBH-067 (Fig, 7) was used as the intermediary 
5 construct to which the recombinant PGR IgSP-hPOMCDACTH- 

IRES fragment would be inserted. 

Oligonucleotide oIgSP-068 {SEQ ID NO: 13), 

containing a synthetic EcoRV restriction site, is 

specific for the IgSP sequence. 
10 Oligonucleotide primer orTHA-073 (SEQ ID.. 

NO: 14) is specific for the rTHA sequence and contains 

an endogenous Smal restriction site. 

Oligonucleotide primers ohPOMC-IRES-069 (SEQ 

ID NO: 15) and ohPOMC-IRES-070 (SEQ ID NO: 20) are 
15 complementary to each other. Furthermore, 

oligonucleotide primer ohPOMC-IRES-069 has its 5', 18 

nucleotides identical to the hPOMC sequence and its 3' 

12 nucleotides identical to the IRES sequence; and vice 

versa for ohPOMC-IRES-070 . 
20 Oligonucleotide primers oIRES-rTHA-071 (SEQ 

ID NO: 21) and oRIRES-rTHA-072 (SEQ ID NO: 22) are 

complementary to each other. In addition, 

oligonucleotide primer oIRES-rTHA-071 has its 5' 15 

nucleotides identical to the rTHA sequence and its 3' 
25 18 nucleotide identical to the IRES sequence; and vice 

versa for oRIRES-rTHA-072 . 

Three sets of first PGR reactions were 

carried out. 

PGR reaction A: template pBS-IgSP-hPOMGDACTH-029, 
30 oligonucleotides oTgSP-068/ohPOMC-IRES-069; 
PGR reaction B: template pGTI-001, 
oligonucleotides ohPOMC-IRES-070/oIRES"rTHA-071; and 



suBsnnnESHEEr(inii£26) 



wo 96/40959 PCT/US96/09629 



38 - 



PGR reaction C: template pcDNA3-rTHA-045, 
oligonucleotides orIRES-rTHA-072/orTHA-073 . 

The three sets of first PGR reactions were 
carried in 50 pi PGR reaction mixture containing 100 ng 
5 of template DNA, 10 mM Tris. HGl (pH 8.3), 50 mM KCl, 
800 of each nM dNTP, 2 mM MgC123, 400nM of primers #1 
and #2, and 2.5 units of Thymus agUAtA^t^Ufi (Taq) DNA 
polymerase (Boehringer Mannheim, Germany) . 

The PGR reaction mixtures were subject to 30 
10 amplification cycles consisted of: denaturation, 94 *C 
for 30 seconds (first cycle 2 minutes); annealing, 
50 °G 1 minute; and extension, 72 "G 30 seconds (last 
cycle 5 minutes). 

The PGR products were resolved on 1?» 
15 TrivieGel 500 (TrivieGen) . Two agarose plugs 

containing each one of the PGR products from PGR 
reactions B and G were transferred to a tube containing 
50 ]xl of PGR reaction mixtures identical to the one 
described above with the exception that the 
20 oligonucleotides ohPOMG- IRES- 070 and orTHZ^-073 were 
used. 

The second PGR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °G 
for 30 seconds (first cycle 2 minutes); annealing, 
25 60 **G 30 seconds (second to fourth cycles 37 °C 2 

minutes); and extension, 72 **G 30 seconds (last cycle 2 
minutes) . 

The PGR products were treated as described 
above. Agarose plugs containing the PGR products from 
30 the second PGR reaction and the PGR reaction A were 
combined and subjected to a third PGR amplification 
using oIgSP-068/rTHA-073. The 1203 bp IgSP-hPOMC-IRES- 
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rTHA fusion PGR product and the cloning vector pBS- 
Pcmv-rTHA-IRES-bDBH-067 were digested with EcoRV and 
Xmal restriction enzymes and subsequently purified from 
1% SeaPlaque agarose gel using the FMC SpinBind DNA 
5 purification kit (FMC BioProducts, Rockland, ME) . The 
ligation mixture was transformed into DH5a (Gibco BRL, 
Gaithersburg/ MD) . 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
10 restriction digestions using EcoRI, Kpnl and Not I. The 
resulting clone was named as pBS-IgSP-hPOMCAACTH"IRES- . 
rTHA-IRES-bDBH-068. Fig. 8. The sequence of this 
construct is shown in SEQ ID NO: 23. 

Construction of IgSP-hPOMCACTH-IRES- 
15 rTHA-IRES-bDBH Expression Vectors 

The 4491 bp NotI fragment containing the 
IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH gene was excised 
out of the pBS-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-068 
and subcloned into the pcDNA3 (Invitrogen Corp,, San 
20 Diego, CA) at the NotI site in the multiple cloning 
site. Restriction digestion using NotI and Smal 
confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hPOMCZiACTH-IRES-rTHA-IRES-bDBH-069. See 

25 Fig. 9. 

Construction of IgSP-hPOlCAACTH-IRES-rTHA-IRES- 
bDBH-IRES-Zeocine Expression Vector 

Recombinant PGR methodology was used to 
generate the IRES-Zeocine fusion gene. 
30 Oligonucleotides oIRES-074 (SEQ ID NO: 24) and oZeocin- 
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077 (SEQ ID NO: 25) are specific for IRES and Zeocin 
gene sequences, respectively, and contain synthetic 
NotI and Xhol restriction sites at the 5' end, 
respectively. Oligonucleotides oIRES-Zeocin-075 (SEQ 
5 ID NO: 26) and oIRES-Zeocin-076 (SEQ ID NO: 27) are 
complementary to each other. Furthermore/ 
oligonucleotide oIRES-Zeocin-075 has its 5*15 
nucleotides identical to the Zeocin sequence and its 3' 
18 nucleotides identical to the IRES sequence; and vice 

10 versa for oIRES-Zeocin-076. 

Two first PGR reactions were carried out 
using oligonucleotide pairs oIRES-074/oIRES-Zeocin-075 
and oIRES-Zeocin-076/oZeocin-075 on templates pCTI-001 
and pZeoSV (Invitrogen Corp., San Diego, CA) plasmids, 

15 respectively. 

One hundred ng of template DNA was added to a 
50 ul PCR reaction mixture containing lOmM Tris.HCl (pH 
8,3), 50 mM KCl, 800 of each nM dNTP, 2 mM MgC12, 400 
nM of primers #1 and #2, and .2. 5 units of Thg^IUUS 

20 aquaticus (Tag) DNA polymerase (Boehringer Mannheim, 
Germany) . 

The PCR reaction mixtures were subject to 30 
amplification cycles consisted of: denaturatioh, 94 ''C 
for 30 seconds (first cycle 2 minutes); annealing, 

25 50 ^'C 1 minute; and extension, 72 "C 30 seconds (last 
cycle 5 minutes) - 

The PCR products were resolved on 1% 
TrivieGei 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PCR products were 

30 transfer to a tube containing 50 ul of PCR reaction 
mixtures identical to the one described above with the 
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exception that the oligonucleotides oIRES-074 and 
oZeocin-077 were used. 

The second PGR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °C 
5 for 30 seconds (first cycle 2 minutes); annealing, 
50 **C 30 seconds (second to fourth cycles 37 °C 2 
minutes); and extension, 72 °C 30 seconds (last cycle 2 
minutes) , 

The 974 bp IRES-Zeocin fusion PGR product and 
10 the cloning vector pcDNA3 were digested with NotI and' 
Xhol restriction enzymes and subsequently purified. from 
1% SeaPlaque agarose gel using the FHC SpinBind D'NA 
purification kit (EI^C BioProducts, Rockland, ME) . 

The ligation of IRES-Zeocin/Notl/XhoI and 
15 pcDNA3/NotI/XhoI would generate an intermediate cloning 
vector named as pcDNA3-IRES-Zeocin-072 , Fig. 10, 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
restriction digestions using Hindlll, Smal, Xhol, NotI 
20 and Notl/Xhol. 

To generate the final IgSP-hPOMCDAGTH-IRES- 
rTHD-IRES-bDBH-IRES-Zeocine Expression Vector, a 4491 
bp NotI fragment containing the IgSP-hPOMCAACTH-IRES- 
rlHA-IRES-bDBH gene was excised out of the pBS-IgSP- 
25 hPOMCAAGTH- IRES- rTHA-IRES-bDBH- 068 (Fig. 8; SEQ ID 

NO: 23) and subcloned in to the pcDNA3-IRES-Zeocin-072 
(Fig. 10) at the NotI site in the multiple cloning 
site. 

Restriction digestion using NotI and Smal 
30 confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hP0MGAACTH-IRES"rTHZ^-IRES-bDBH-IRES-Zeocin- 
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073. The sequence of this construct is shown in SEQ ID 
NO: 28. Fig. 11. 

Construction of ProA+KS Fusion 

A construct containing the coding region of 
5 the human pro-enkephalin A gene with the consensus 

Kozak sequence immediately upstream to the start codon 
ATG. The sequence of this construct is shown in SEQ ID 
NO: 29. 

Construction of hProA+KS Expression Vector 

10 The Hindlll/BamHI fragment containing the 

hProA+KS fusion was ligated into BamHI and Hind III 
digested pcDNA3 expression vector substantially as 
described above. After screening as described above, a 
positive sub-clone was named pcDNA3-hProA+KS-091 . 

15 Fig. 12. Construction of the pBS-CMV Pro A vector is 
detailed in Mothis, J- and Lindberg, I., Fp<1orr?r^nQ3.Qqv# 
131, pp. 2287-96 (1992) . 

Transformation of Cells 

RIN and AtT-20 cells were transformed as 

20 follows. 

The RINa and AtT-20 based cell lines were 
grown in DMEM (Gibco) with 10% fetal bovine serum and 
pen-strep- fungizone (Gibco) base media. The cells were 
plated out in PlOO petri dishes (750,000 cells/dish) in 
25 10 ml of base media. 18-24 hours later, the cells were 
transfected using calcium phosphate method with a kit 
made by Stratagene (San Diego, CA) . A 10 pg amount of 
the plasmid vector DNA was diluted in 450 pi of 
deionized sterile water. Then, 50 pi of a lOx buffer 
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(solution #1) was added to the plasmid DNA. A 500 ul 
amount of solution #2 was immediately added to the DNA 
containing solution and mixed gently- This was 
incubated at room temperature for 20 minutes and then 
5 the 1.0 ml solution was added to the cells in the petri 
dish. The cells were incubated overnight and 18-24 
hours later the cells were washed 2x with Hanks 
balanced salt solution without calcium and magnesium. 
Then, the cells were cultured in base media + selection 

10 drugs. The cells were selected in either 600 pg/ml 
geneticin (Gibco) or 400 pg/ml hygromycin (Boehringer 
Mannheim) or 500 ug/ml Zeocin (In Vitrogen, San- Diego, 
CA) . Cells were sequentially transfected and selected 
to obtain the final cell line. 

15 The RINa cells were transfected with plasmid 

pCEP4-hPOMC-030 containing the POMC gene. This is a 
hygromycin resistant vector. The cells were also 
transformed with plasmid pcDNA3-hProA+KS-091 . This is 
a geneticin resistant vector. Finally, the cells were 

20 transfected with plasmid pZeo-PCMV-rTHAKS-IRES-bDBH-088 
which conferred Zeocin resistance. 

The AtT-20 cells were transfected with 
plasmid pBS-CMV-ProA and pCEP4-POMC-AACTH-32 which 
conferred geneticin and hygromycin resistance, 

25 respectively. Finally, the cells were transfected with 
plasmid pZeo-Pcmv-rTHAKS-IRES-bDBH-038 . 

We have tested a number of media for cell 
growth. Surprisingly we have found that in certain 
serum- free medias, the above cell lines have enhanced 

30 neurotransmitter output, compared to serum-containing 
media. We prefer CHO-Ultra (Biowhitaker ) for the 
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growth of AtT-20 cellS/ and Ultra-Culture (Biowhitaker ) 
for the growth of RINa cells. 

Output of various analgesics from one 
transformed RINa cell line {RINa/ProA/P030/P088) is 
5 shown in Table 2. All values represent unstimulated 
cells. Output of fi-endorphin and met-enkephalin is in 
pg/10^ cells/hr. fi-endorphin and met-enkephalin were 
measured by radioimmunoassay using Incstar kits 
(Stillwater, Minnesota) • Catecholamine output is in 

10 pmoles/10^ cells/hr. The numbers in parentheses 

represent values from cells that were preincubated 18" 
hours with 100 tetrahydrobiopterin. Catecholamines 
were measured by high performance liquid chromatography 
as described in Lavoie et al., "Two PC12 

15 pheochromocytoma lines sealed in hollow fiber-based 
capsules tonically release 1-dopa in vitro", 
transnlantation. 2, pp. 163-73 (1993). GABA output 
from these RINa cells was 28 ng/10 cells/hrs. 

Table 2 

20 Cell Line Endogenous P-endorphin Met-epH OA E 

Substances 

RINa/ProA/ P-endorphin 22 17 3 0 

POMC/ GABA (6) (2) 

25 TH-IRES-D0H 

There are encrypted enkephalin fragments which are not 
fully processed from the pro-enkephalin precursor 
molecule. These encrypted enkephalins have opioid 
receptor binding activity. We digested these encrypted 
30 enkephalins to measure opioid activity. The trypsin 
digest protocol is as follows. A 2 ug/ml trypsin 
(Worthington #34E470) solution is added to media 
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samples on ice. Samples are vortexed, then incubated 
for 20 minutes in a 37**C waterbath. After the 20 
minute digest, samples are returned to ice and 100 
ng/ml carboxypeptidase B (Sigma #C-7011) is added. 
5 Samples are mixed by vortexing, and returned to the 
37'*C waterbath for 15 minutes. Samples are placed on 
ice once more and 10 ug/ml trypsin inhibitor is added. 
At this stage, samples are either extracted for met- 
enkephalin or immediately frozen for future extraction. 

10 This results in the full enzymatic cleavage to free all 
met-enkaphalin from" the longer encrypted fragments" A 
met-enkaphalin radioimmunoassay of the digested sample 
gives total met-enkaphalin from the supermatant. The 
transformed RINa cells appear to have greater than 5 

15 fold more encrypted enkaphalins compared to fully 
processed met-enkaphalin. 

Fiber capsule formation and characteristics 

Hollow fibers are spun from a 12. 5-13, 5?^ 
poly (acrylonitrile vinylchloride) solution by a wet 
spinning technique. Cabasso, Hollow Fiber Membrane, 
vol. 12, Kirk-Qthmer Encyclopedia of Chemical 
T^QhnolQqY, Wiley, New York, 3rd Ed. pp. 492-517 
(1980), Unites States patent 5,158,881, incorporated 
herein by reference. 

The resulting membrane fibers may either be 
double skinned or single skinned P7\N/PVC fibers. In 
order to make implantable capsules, lengths of fiber 
are first cut into 5 cm long segments and the distal 
extremity of each segment sealed with an acrylic glue. 
Encapsulation hub assemblies are prepared by providing 
lengths of the membrane described above, sealing one 



25 



$(IBSnnniSHEET(RlllE26) 



wo 96/40959 PCT/US96/09629 

- 46 - 

end of the fiber with a single drop of LCM 24 (Light 
curable acrylate glue, available from ICI) , curing the 
glue with blue light, and repeating the step with a 
second drop. The opposite end is previously attached 
5 to a frangible necked hub assembly, having a silicone 
septiam through which the cell solution may be 
introduced. The fiber is glued to the hub assembly by 
applying LCM 22 to the outer diameter of the hub 
assembly, pulling the fiber up over it, and curing with 

10 blue light. The hub/fiber assemblies are placed in 
sterilization bags and are ETO sterilized. 

Following sterilization with ethylene oxide 
and outgassing, the fibers are deglycerinated by 
ultrafiltering first 70% EtOH, and then HEPES buffered 

15 saline solution through the walls of the fiber under 
vacuumi. 

Pre paration a nd EncaPsuJ i on p£ Tran.s formed CeXLs 

The transformed cells are prepared and 
encapsulated as follows: 

20 A matrix solution is prepared using a 

commercially available alginate, collagen or other 
suitable matrix material. The cell solution was 
diluted in the ratio of two parts matrix solution to 
one part cell solution containing the transformed cells 

25 described above. We prefer Vitrogen (Celtix, Santa 
Clara) as a matrix for AtT-20 cells. 

We prefer Organogen (Organogenesis, Canton, 
MA) as a matrix for RINa cells. The RINa based cells 
are prepared for encapsulation by the following method. 

30 The cells are grown in base media of DMEM + 10% fetal 
bovine serum during the proliferation phase. These 
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cells can be removed from the tissue culture flasks by 
two washes in Hanks balanced salt solution without 
calcium and magnesium. Then the cells are incubated in 
0.25% trypsin + EDTA for 1 minute. This is removed and 
5 the cells are rinsed free of the flask using Hanks 
balanced salt solution without calcium and magnesium 
solution. The cells are placed in 10 mis of base media 
and centrifuged at 100 x g for 2 minutes. The cells 
are resuspended in 10 mis of the preferred serum free 

10 media (Ultra culture, Biowhitaker, Walkersville, MD) . 
Surprisingly, the RINa cells secrete more analgesic . 
substances when cultured in this serum free media - 
relative to serum continuing base media. 

The cells are centrifuged at 100 g twice in 

15 the preferred serum free media before the cells are 
concentrated 1:1 with the preferred Organogen matrix. 
Organogen is a 1% bovine tendon collagen obtained as a 
sterile solution. 8 parts of this solution are mixed 
with 1 part lOX DPBS. 0.5 N sodium hydroxide is added 

20 until physiological pH is attained (approximately 
250 uls) . 

The final concentration of the cell + matrix 
solution used for encapsulation can range from 20,000 - 
50,000 cells/pl. The cells are counted in a standard 

25 manner on a hemocytometer . 

The cell/matrix suspension is placed in a 
1 ml syringe. A Hamilton 1800 Series 50 microliter 
syringe is set for a 15 microliter air bubble, is 
inserted into a 1 ml syringe containing the cell 

30 solution and 30 microliters are drawn up. The cell 
solution is injected through the silicone seal of the 
hub/ fiber assembly into the lumen of a modacrylic 
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hollow fiber meinbrane with a molecular weight cutoff of 
approximately 50,000-100,000 daltons. Ultrafiltration 
should be observed along the entire length of the 
fiber. After one minute, the hub is snapped off the 
3 sub-hub, exposing a fresh surface, unwet by cell 

solution. A single drop of LCM 24 is applied and the 
adhesive cured with blue light. The device is placed 
first in HEPES buffered NaCl solution and then in CaCl2 
solution for five minutes to cross-link the alginate. 

10 Each implant is about 5 cm long, 1 mm in diameter, and 
contained approximately 2.5 million cells. 

After the devices are filled and sealed/ a 
silicone tether (Speciality Silcone Fabrication, Paso 
Robles, CA) (ID: 0.69, OD: 1.25) is then placed over 

15 the proximal end of the fiber. A radiopaque titanium 
plug is inserted in the lumen of the silicone tether to 
act as a radiographic marker. The devices are then 
placed in 100 mm tissue culture dishes in 1-5 ml PC-1 
medium, and stored at 37**C, in a 5% CO. incubator for 

20 in vitro analysis and for storage until implantation. 

The encapsulated cells are then implanted 
into the human sub-arachnoid space as follows: 

3V^;^qj^eal Procedure 

After establishing IV access and 
25 administering prophylactic antibiotics (cefazolin 

sodixam, 1 gram IV) , the patient is positioned on the 
operating table, generally in either the lateral 
decubitus or genu-pectoral position, with the lumbar 
spine flexed anteriorly. The operative field is 
30 sterily prepared and draped exposing the midline dorsal 
lumbar region from the levels of S-1 to L-1, and 
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allowing for intraoperative imaging of the luinbar spine 
with C-arm fluoroscopy. Local infiltration with 1.0% 
lidocaine is used to establish anesthesia of the skin 
as well as the periosteum and other deep connective 
5 tissue structures down to and including the ligamentum 
flavum. 

A 3-5 cm skin incision is made in the 
parasagital plane 1-2 cm to the right or left of the 
midline and is continued down to the Iximbodorsal 

10 fascia using electrocautery for hemostasis. Using 
traditional bony landmarks including the iliac crests 
and the lumbar spinous processes, as well as 
fluoroscopic guidance, and 18 gauge Touhy needle is 
introduced into the subarachnoid space between L-3 and 

15 L-4 via an oblique paramedian approach. The needle is 
directed so that it enters the space at a shallow, 
superiorly directed angle that is no greater than BO- 
SS*' with respect to the spinal cord in either the 
sagittal or transverse plane. Appropriate position of 

20 the tip of the needle is confirmed by withdrawal of 
several ml of cerebrospinal fluid (CSF) for 
preimplantation catecholamine, enkephalin, glucose, and 
protein levels and cell counts. 

The Touhy needle hub is reexamined to confirm 

25 that the opening at the tip is oriented superiorly 

(opening direction is marked by the indexing notch for 
the obturator on the needle hub) ; and the guide wire is 
passed down the lumen of the needle until it extends 4- 
5 cm into the subarachnoid space (determined by 

30 premeasuring) • Care is taken during passage of the 

wire- that there is not resistance to advancement of the 
wire out of the needle and that the patient does not 
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complain of significant neurogenic symptoms, either of 
which observations might indicate misdirection of the 
guide wire and possible impending nerve root or spinal 
Cord injury. 
5 After the guide wire appears to be 

appropriately placed in the subarachnoid space, the 
Touhy needle is separately withdrawn and removed from 
the wire. The position of the wire in the midline of 
the spinal canal, anterior to the expected location of 

10 the caud equina, and without kinks or unexplainable 
bends is then confirmed with fluoroscopy. After 
removal of the Touhy needle the guide wire should be 
able to be moved freely into and out of the space with 
only very slight resistance due to the rough surface of 

15 the wire running through the dense and fibrous 
ligamentum flavum. 

The 1 French dilator is then placed over the 
guide wire and the wire is used to direct the dilator 
as it is gently but firmly pushed through the fascia, 

20 paraspinous muscle, and ligamentum flavum, following 
the track of the wire toward the subarachnoid space. 
Advancement of the 7 French dilator is stopped and the 
dilator removed from the wire as soon as a loss of 
resistance is detected after passing the ligamentum 

25 flavum. This is done in order to avoid advancing and 
manipulating this relatively rigid dilator within the 
subarachnoid space to any significant degree. 

After the wire track is "overdilated" by the 
7 French dilator, the 6 French dilator and cannula 

30 sheath are assembled and placed over the guide wire. 

The 6 French dilator and cannula are advanced carefully 
into the subarachnoid space until the opening tip of 
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the cannula is positioned 7 cm within the space. As 
with the 7 French dilator, the assembled 6 French 
dilator and cannula are directed by the wire within the 
lumen of the dilator. Position within the subarachnoid 
5 space is determined by premeasuring the device and is 
grossly confirmed by fluoroscopy. Great care is taken 
with manipulation of the dilators and cannula within 
the subarachnoid space to avoid misdirection and 
possible neurologic injury. 

10 When appropriate positioning of the cannula' 

is assured/ the guide wire and the 6 French dilator are 
gently removed from the lumen of the cannula in 
sequence. Depending on the patient's position on the 
operating table, CSF flow through the cannula at this 

15 point should be noticeable and may be very brisk, 

requiring capping the cannula or very prompt placement 
of the capsule implant in order to prevent excessive 
CSF, 

The encapsulated (transformed cells) is 
20 provided in a sterile, double envelope container, 
bathed in transport medium, and fully assembled 
including a tubular silicone tether. Prior to 
implantation through the cannula and into the 
subarachnoid space, the capsule is transferred to the 
25 insertion kit tray where it is positioned in a location 
that allowed the capsule to be maintained in transport 
medixim while it is grossly examined for damage or major 
defects, and while the silicone tether is trimmed, 
adjusting its length to the pusher and removing the 
30 hemaclip'^ that plugs its external end. 

The tether portion of the capsule is mounted 
onto the stainless steel pusher by inserting the small 
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diameter wire portion of the pusher as the membrane 
portion of the device is carefully introduced into the 
cannula. The capsule is advanced until the tip of the 
membrane reaches a point that is 2-10 mm within the 
5 cranial tip of the cannula in the subarachnoid space. 
This placement is achieved by premeasuring the cannula 
and the capsule-tether-pusher assembly, and it assures 
that the membrane portion of the capsule is protected 
by the cannula for the entire time that it is being 

10 advanced into position. 

After the capsule is positioned within the 
cannula, the pusher is used to hold the capsule in 
position (without advancing or withdrawing) in the 
subarachnoid space while the cannula is completely 

15 withdrawn from over the capsule and pusher. The pusher 
is then removed from the capsule by sliding its wire 
portion out of the silicone tether. Using this method 
the final placement of the capsule is such that the 5 
cm long membrane portion of the device lay entirely 

20 within the CSF containing subarachnoid space ventral to 
the Cauda equina. It is anchored at its caudal end by 
a roughly 1-2 cm length of silicone tether that runs 
within the subarachnoid space before the tether exits 
through the dura and ligamentum flavum. The tether 

25 continues externally from this level through the 
paraspinous muscle and emerges from the lumbodorsal 
fascia leaving generally 10-12 cm of free tether 
material that is available for securing the device. 

CSF leakage is minimized by injecting fibrin 

30 glue (Tissel®) into the track occupied by the tether in 
the paraspinous muscle, and by firmly closing the 
superficial fascial opening of the track with a purse- 
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string suture. The free end of the tether is then 
anchored with non-absorbable suture and completely 
covered with a 2 layer closure of the skin and 
subcutaneous tissue. 
5 The patient is then transferred to the 

neurosurgical recovery area and kept at strict bed 
rest/ recumbent/ for 24 hours postoperatively. 
Antibiotic prophylaxis is also continued for 24 hours 
following the implantation procedure. 

10 Sequences 

The following is a summary of the sequences 
set forth in the Sequence Listing: 
SEQ ID N0:1 — DNA sequence of oligo oCNTF-003 
SEQ ID NO: 2 — DNA sequence of oligo oIgSP-018 

15 SEQ ID NO: 3 — DNA sequence of IgSP-hPOMC fusion 

SEQ ID NO: 4 — DNA sequence of IgSP-hPOMC-AACTH fusion 
SEQ ID NO: 5 — DNA sequence of oligo orTH-052 
SEQ ID NO: 6 — DNA sequence of oligo orTH-053 
SEQ ID NO: 7 ~ DNA sequence of oligo orTH-054 

20 SEQ ID NO: 8 ~ DNA sequence of oligo orTH-078 
SEQ ID NO: 9 — DNA sequence of oligo oIRES-057 
SEQ ID NO: 10 — DNA sequence of oligo obDBH-065 
SEQ ID NO: 11 — DNA sequence of oligo oIRES-bDBH-064 
SEQ ID NO: 12 — DNA sequence of oligo oIRES-bDBH-066 

25 SEQ ID NO: 13 — DNA sequence of oligo oIRE-068 
SEQ ID NO: 14 — DNA sequence of oligo orTHZi-073 
SEQ ID NO: 15 — DNA sequence of oligo ohPOMC-IRES-069 
SEQ ID NO: 16 — DNA sequence of rTHAl-155 
SEQ ID NO: 17 — DNA sequence of rTHA+KS 

30 SEQ ID NO: 18 ~ DNA sequence of rTHA-IRES-bDBH 
SEQ ID NO: 19 — DNA sequence of rTHAKS-IRES-bDBH 
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SEQ ID NO: 20 — DNA sequence of oligo ohPOMC-IRES-070 

SEQ ID NO: 21 ~ DNA sequence of oligo oIRES-rTHA-071 

SEQ ID NO: 22 — DNA sequence of oligo orIRES-rTHZi-072 

SEQ ID NO: 23 - DNA sequence of IgSP-hPOMCAACTH-IRES- 

5 rTHA-IRES-bDBH-068 fusion 

SEQ ID NO: 24 ~ DNA sequence oIRES-074 

SEQ ID NO: 25 ~ DNA sequence of oligo oZeocin-077 

SEQ ID NO: 26 ~ DNA sequence of oligo oIRES-Zeocin-075 

SEQ ID NO: 27 — DNA sequence of oligo oIRES-Zeocin-076 

10 SEQ ID NO: 28 — DNA sequence IgSP-hPOMCAACTH-IRES-rTKZ^ 

-IRES-bDBH-IRES-Zeocin-073 

SEQ ID NO: 29 — DNA sequence of proA+KS 

SEQ ID NO: 30 — DNA sequence of IRES fragment 

Deposits 

15 RINa/ProA/POMC/TH-IRES-DBH cells, transformed 

to produce a catecholamine, an enkephalin and an 
endorphin, as described above in the example (and in 
Table 2) , named RINa/ProA/P030/P088, have been 
deposited. The deposit was made in accordance with the 

20 Budapest Treaty and was deposited at the American Type 
culture Collection, Rockville, Maryland, U.S.A. on June 
7, 1995. The deposit received accession number 
CRL 11921. 

The foregoing description has been for the 
25 purpose of illustration and description only. This 
description is not intended to limit the invention to 
the precise form exemplified. It is intended that the 
scope of the invention be defined by the claims 
appended hereto. 
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SBQUENZE LISTUG 



(1) CZMEAL imjmriQi: 



10 



(i) AEELIOOT: Cyto'Iher3peL±icS/ Inc. (Ebr purposes of all 

designated states exo^ IB) 
Stou Wtng (Hbr purposes of IB only) 

Joel Saydbff (fbr purposes of IB oily) 

(ii) TITLE CF INVENTICN: ERIN CEIL LINE 
(iii) NL^SR CF SEQUENCES: 30 

15 (iv) COPBESEOmu: mFESS: 

(A) NUESSEE: Janes F. Haley, Jr./I^rar R. Ellrifi 

FISH & imJE 

(B) SIFEET: 1251 Ave. of the Anericas 

(C) CnY: Na^ York 
20 (D) SIKE: New York 

(E) aXNTRY: lEA 

(F) ZIP: 10020-1104 

(V) (H^BJISR FEACPELE ECFM: 
25 (A) MEDHM TYEE: Elcqpy disk 

(B) OMUIER: IBd PC cmpatihLe 

(C) CE^KOTIG SYSIEM: PC-DC6>^-DC6 

(D) SOFIW?^: Pataitln Release #1.0, Versioi #1.30 

30 (vi) OJBBENI APPLICSnCN CMA; 

(A) APFLraOTCN NLMEER: 

(B) FTLENo EKIE: 

(C) aASSinC3OT:CN: 

(vii) ERICR AEHJCAnCN EKIA: 
35 (A) APELICSa^CN NLMBER: IB 08/481,917 

(B) nUNo EKE: 07-nJlM;-1995 

(viii) ATICPJiy/J^INr INECE^MllCN: 
(A) mm:: Elrifi, Ivor R 
40 (B) FEEISmATICN NLMEER: 39,529 

(Q FEEEieayDOCKEr umER: cn-29 OP per 

(ix) TVTrnrT MMTCTyriCN INEO^MICN: 
(A) TELEEHM:: 212 596-9000 
45 (B) TELEEPX: 212 596-9090 
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10 



15 



(2) imimriW RB SEQ id ND:1: 

(i) SEOENCE OTtfVOERISnCS: 

(A) I£N3IH: 33 base pairs 

(B) TXIE: mcleic acid 

(C) snRMniESS: siiTfle 

(D) TCEajOSf: liiBar 

(ii) mmJLE THE: dm 
(iii) HKKJIlHLTiG?^: ^D 
(iv) ^Nn-3IBE: NO 



20 



25 



30 



35 



40 



(vii) MESNE SOKE: 

(B) anC: oCNrF-CX)3 



(xi) SEQLECE lESCRIPnCN: SEQ ID ^D:1: 

QDaaOTOOG OaiamET as^ghctg^ igt 

(2) INECFWKTICN ECR SEQ ID M):2: 

(i) SEXJUEN3: CHM^?aroiSnC5: 

(A) I£N3IH: 23 base pairs 

(B) lYEE: nudeic acid 

(C) SIBPNEmESS: siiigle 

(D) TCEOjOGf: linear 

(ii) MZHULE TfSE: cSm 
(iii) EfPOrt^CPiL: ^D 
(iv) Mn-SEl^: ND 



(vii) H-MDIKEE SOKE: 

(B) CI£NE:: oI^5P-018 



33 



45 (xi) SEQJEHZ EESCRIPnCN: SEQ ID ND:2: 



23 
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(2) INECRMKHCN KR sec id ND:3: 

(i) SEOSKE CHM^?aERISTICS: 
5 (A) lENoIH: 849 base pairs 

(B) MEE: nucleic acid 

(C) single 
P) TOBJJJjf: linaar 

10 (ii) vnriTTTrR imi: Em (geaxmic) 

(iii) HYEaiIEITC3\L: ^D 

(iv) ^N^I-SE^BE: ND 

15 

(vii) BMDIME SOKE: 

(B) a£NE: igSP-hPOC 

20 (ix) EE?TORE: 

(A) imC/MY: 5»UIR 

(B) liXSnCN: 1..43 

(ix) FETmjRE: 
25 (A) OTyE/KEY: exon 

(B) KXTOICN: 44.. 89 

(ix) JSmro: 

(A) I^MyKEY: intzcn 
30 (B) KXMICN: 90.. 168 

(ix) 

(A) NaC/KEY: 3'UIR 

(B) liXOTCN: 807.. 849 



35 



40 



45 



(ix) EEMIFE: 

(A) l¥tE/¥Ef: idscjEeature 

(B) liXATICN: 43.. 186 

(D) OHER INEOMOTCN: /prQ±ict= "I^ regicn" 

(ix) 

(A) NMVWY: misc^feature 

(B) IDCATTCN: 187.. 806 

(D) OMR INEOFMRTICN: /product^ *'hPCM: regim" 



(xi) SE33EN3: EESCRIPnCN: SEQ ID ND:3: 
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GaianBT (xeccnm GiioAum r gmaocrr jofflDaafiT GJu^xujJi' 60 
micTicric aaoQZJG TO3n7^^ 120 



180 
240 



i03BKm' C3GII300' aa^sana* TiGxn^ 

10 a JL A J l'lLULi CIG33G33V TiULLLULLL QmaoaG CTG3m3X JOajJAJJj 300 

omrscaA QCTSGSC Gnncmi; GDSwffOG i.nn i u-tg cdGom] 360 
QcrmaGx cmsaasff asmsso: omraijs asmraPG oL'iixDcr . 420 

15 

KTCimns auoBGSC a>GKnnz Amnax tnujiGTic m5Q33g: 

20 QCaomS OmSOOG QCICT^^ 

aaaxmar osmoaG cjoaxnr lUJiLLma: asmm^ a^jsmn: 
amsaso' asiaacnc aL : m iij:R u.ij.ij.>.i ar osoKnr Tsamasir 720 

25 

T3mm:iC OSGSfflfl: C3ii303D3X TO3I^^ 

30 (SUaIQ?C 

(2) INEOmnCN KB SEQ ID ND:4: 

(i) SEGECE CHSKCIsasnCS: 
35 (A) LEN3IH: 525 base pairs 

(B) TYIE: nudeic acid 
(Q SIEPNCEQCSS: single 
(D) TCSCinSi: lirear 

40 (ii) MUniE TYEE: ENA (^xndc) 

(iii) ffiPOIHEIICSIi: ND 

liv) ;*Jn-SENSE: ^D 



480 
540 
600 
660 



780 
840 
849 



45 



(vii) IMCDDOE SCGKE: 
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(B) CmE: IgSP^iPCMIKriH 

(ix) EEMIFE: 

(A) m^EAfEf: 5'UIR 

(B) LDCMICN: 1,.43 

(ix) EEMtFE: 

(A) J^MyfE": excn 

(B) lOSnCN: 44.. 89 

(ix) lEMlEE: 

(A) NMyKEY: intrcn 

(B) DXTOTOJ: 90.. 168 

15 (ix) EEAIUPE: 

(A) l^^E/I^: exicn 

(B) KXMICN: 169.. 482 

(ix) HMLFE: 
20 (A) mE/¥Ef: 3'Um 

(B) KXTOICN: 483, .525 

(ix) EEMIEE: 

(A) ITOfi/KEY: inisc_feature 
25 (B) KXmiCN: 44.. 188 

(D) OIHER ZNEOMOTCN: /prcx±ct= "IgSP regicn" 

(ix) EETOUFE: 

(A) IWE/KE^t": inisc_feature 
30 (B) lOMlCN: 189.. 482 

P) omER INEC»M1CN: /product?= 'TiEaC regicn" 



35 



(xi) SEOLHCE EESCKEPnCN: SSQ ID ^D:4: 

GJfloirCT aaxcEPgv GiutfLL'i CT Gmmccn lams^ 60 

40 TTATO^ CIGTSOGT OGOTJOCT TiUXTi'ICT TICDOOaS GirafiTia3G 180 

rfTitJJj r r; cn UUUJL'IG OmCASa GiWLTlSC TQ3X?mA CKimSQS 240 

Gomm: asmmn: oDGOTKsns aa33G33X cETmxGC ciaaGcscA 300 

45 _ 

aUiUll G CT G3CTCII?G ASggGSHS M33D3CnA Qmm3S^ Qmoarr 360 
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rrrrrT ^rrrr aXTMOaC ?3PaJ3Zmj3 UJJbTi'iUCT AfiGOT?^ 420 

am uiUb T GmnGiTC .fifififignmv irpnn^^^cm canycftfiG AfioaajgGr 480 
5 c3mi30G aznuoG ajJimxTC cnr?n3iffi togsc ^ 

(2) I^ECR©^CN EOl SED ID 1©:5: 

(i) SEGLEKE OMffiCEEKESnCS: 
10 (A) IHCTH: 30 ba^ pairs 

(B) TYEE: nucleic add 

(C) Sffi?MHIESS: single 

(D) TOEOasr: liiiear 

15 (ii) M1H3JLE TfEE: dm 

(iii) HYPODEnCTL: ND 
(iv) ^Nn-SEJEE: ND 



20 



(vii) mM)miE SOURCE: 

(B) C1£JE: arlH-052 



25 



(xi) SEQCENCE EESCEIPTICN: SEQ ID ND:5: 
30 (2) I^Ea^MIiCNKRSE3^ IDND:6: 

(i) sE33Ea: ocmnEBisncs: 

(A) IHGIH: 30 base pairs 

(B) lYEE: nucleic acid 
35 (C) SIEMCmESS: single 

(D) l!OEa£G£: linear 

(ii) MIHULE T!CT: dm 
40 (iii) HfPOSEna^: ND 

(iv) iOTI-SEJSE: ND 



45 (vii) IM€DIKIE SOKE: 

©) ao^: orTH-053 
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(xi) SEXJJEKE rESOyPnCN: 3EQ ID M):6: 
Om^AIOLT AiULmTilrtS CmflJQ33^C 30 

5 

(2) INECRMICN EOl ID ND:7: 

(i) SEGEIE CHM^OIBISnCS: 
(A) IIN3IH: 30 base pairs 
10 (B) THE: rudeic add 

(C) STEWCEENESS: single 

(D) ICEODSi: linear 



15 



20 



30 



40 



(ii) MZZEULE TiIE: dm 
(iii) BKPOUEnCT^: ^D 
(iv) JNIT-SEIBE: ND 



(vii) IbMEiKCE SOKE: 

(B) CLCNE: oi:*IH-054 



25 (xi) SEOjEICE lESCRIPnCN: SEX3 ID ND:7: 

cnmoznA 'iUci iU JLJL'ib Gncnm?i 30 

(2) INEOMCTICN ECRaQ ID^D:8: 



(i) SEOHXE CHAR?OIBISnCS: 

(A) IDdH: 33 base pairs 

(B) "nEE: raxieic add 

(C) SIPPNCHliSS: single 
35 (D). TCKirnry: linear 



(ii) MUrULE TOE: dN^ 
(iii) immETlCPL: MD 
(iv) ANTI-SENSE: ND 



(vii) I^MDIME SOKE: 
45 (B) CLQ^: orTH-078 
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(xi) SEXJHCE EESCRIPnCN: SEC ID ND:8: 

cnmrric ajLKxaiGS 'iiuuiUaiT cdc 

5 (2) INFCRMTCN EOl SED ID ^D:9: 

(i) sgjJElIZ a2«VOEK^ 

(A) mdH: 30 base padxs 

(B) TYEE: nLcleic add 
10 (C) SIRPNCEIESS: single 

P) TCEmDOT: linear 

(ii) MUajJlE lYEE: cflCV 
15 (iii) ffiPOHEnCRL: ND 
(iv) JNn-SElCE: ND 



20 (vii) MEDKE SCXKE: 

(B) ailE: oIBES-057 

(xi) SEQGEUE EESCBIPnCN: SEQ ID ^D:9: 

25 

J^fiSOSTOG UULL ' iUlU X lUUJJLJJLJLi : 

(2) INECRMICN KR SEQ ID MD:10: 

30 (i) SEUJEIU: CHRR?OEKESnCS: 

(A) LEldH: 30 base pairs 

(B) TXFE: nucleic add 

(C) SIRPNCEHSESS: single 

(D) TOOJDGf: linear 

35 

(ii) MXETULE TXH:: dm 
(iii) HffOIHETKMi: ND 
40 (iv) im-SENSE: 

(vii) ME)IME SdKE: 

(B) CDM:: ctmH)65 

45 

(xi) SEOnU: EESCKCPnCN: SEQ ID NO: 10: 
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(2) INECRMTCN ECR SED ID ^D:11: 

5 

(i) SEQIEKE CHAE^?aiRESnCS: 

(A) I£N3IH: 30 base Fairs 

(B) THE: nucleic acid 

(C) SIRSNEECNESS: siiigle 
10 (D) ICEOaar: linear 

(ii) MIHULE TffE: dm 

(iii) HiraHEna^: ND 

(iv) ^Wn-SENSE: ND 



15 



(vii) MEDEOE SdJRCE: 
20 (B) cum:: oIEES-tfBH-064 



(xi) SEaUEKE EESCBIPnCN: SEQ H) ND:11: 

25 cnOXTOA CIMGI7023 CTUjJUuJiG 

(2) INEOMOTCCN Em SEX2 ID ND:12: 

(i) SEQUENi: CHAR?OERISriCS: 
30 (A) IHdH: 30 base pairs 

(B) TYIE: nucleic acid 

(C) SIRPNEEIMSS: single 

(D) TCPaLDGf: linear 

35 (ii) MUnmE TliTE: dm 

(iii) IOTarHEniC3^: ND 
(iv) ^NTI-SEreE: ND 



40 



45 



(vii) mwn^ SCXKE: 

(B) CLOE: oIEES^iBH-066 



(xL) SElSmE DESCBIPnCN: ID ND:12: 



30 
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0333JinJJG IJOlUaTIG 103^0311 
(2) INECR^O^ EIISEQID1©:13: 

5 (i) SEXJJEN2: a]RR?CIERISnCS: 

(A) mdH: 30 base pairs 

(B) TifEE: nucleic acid 

(C) SIKWCEUCSS: siiigLe 
P) TOEggy: linear 

10 

(ii) miniE TfEl: dm 
(iii) mPOfflEnCRL: NO 

15 (iv) ;wn-SElEE: NO 

(vii) M^IKE SCtKE: 

(B) CLOE: oIgSP-068 

20 

(xi) SEQLINX lESCRIPriCN: SEQ ID ^D:13: 

25 

(2) INF3^RTICN FCR SEX2 ^>^D:14: 

(i) SEGBtCE OffiRAZIIRESTICS: 

(A) mem: 25 base pairs 
30 (B) lYEE: nucleic add 

(C) SMMEEMSS: single 

(D) TCEaDGir: linear 

(ii) MXETULE TOE: cQJV 

35 

(iii) HYPOHEnCMi: ND 
(iv) ^NTI-SENSE: 

40 

(vii) BMEIKIE SOKE: 

(B) CLOE: orTH>073 



(xi) SEOGEUE IIH3^IPnCN: SEQ ID NO: 14: 
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(2) I^Ea^MICN KR SEQ id ^D:15: 

(i) SEX3UEKE (aRKOERISriCS: 
5 (A) UHSIH: 30 base pairs 

(B) lYEE: nucleic acid 

(C) SIRPNEEINESS: single 

(D) IXXOTGi: linear 

10 (ii) MinULE TWEE: cim 

(iii) HYKJiHhTlCKL: ^D 
(iv) JNTI-SE^EE: ND 



15 



(vii) MffiKE SCCKE: 

(B) CI£NE: chPCM>IFES-069 



20 



(xi) SBQGEMZ EESCKEPnO^: SBQ ID bD:15; 

G332i3m3 Asmim: aziGia:3:r 

25 (2) INECRMICN KR SEQ ID ND:16: 

(i) SE13JEN3; a5^^?OEK[SnCS: 

(A) LENSm: 1030 base pairs 

(B) TYEE: nucleic acid 
30 (C) SERPNEEEMSS: single 

(D) HOPCmSi: linear 

(ii) MMJJLE TiEE: INA (gaxttdc) 
35 (iii) mPOHEnOL: NO 
(iv) ^NII-aiBE: ND 



40 (vii) ]li€DIKIE SOKE: 
©) CIIIC: rlHD 

(ix) EEfiTOBE: 

(A) mC/KEY: S'UTR 
45 (B) KOnCN: l-,6 



(ix) EEKREE: 
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(A) KPJE/My: excn 

(B) nXSnCN: 7.. 1017 

(ix) EETflXJPE: 

(A) N?}E/lEir: 3'UIR 

(B) LCTHCN: 1018.. 1030 



(xL) SBgmE nsaOPnCN: sec id ^D:16: 

ji^irrnms Tcnj:snsn ajj>^^ ^ 
Giaasyo'TiaOTncsvTurasm^ 120 
15 cnijmnc Gffl?mi3CT -lasao^ 

oimmus MPOcag: gaaasgr Ginaojoa Maasmm nixu<-u.iy 
ffloasncr AmscoA tqxiqcts &ccpccic3 MasmoA ujnaiasA 300 
^° cnsracicsiG gskctog^ caacwrMC axsanos ^a^a3IGIc uoj-xiui iv. 360 

ABoaaGaA cigsitkea acmsm: GKnmiic x?03ia3x (xuiLmTii 
25 ciomGic Taanrox asromoA losarsGr KMonxA ■luj.iu-n-ft 
cTDoaaOT csodsax osocor cKnaa^rar icaisoflGr ajj-hiwiv^ 



4Q _ 

amCTOV cToasCTT ismsciG oomnc pcKmcch tuj-iv^i iv^ 
aomnac MsmsG^: (iJomnG Gxsmjc 

45 cwsQanx 

(2) INEOWKTICN ECR SEQ ID ND:17: 



180 
240 



420 
480 
540 



QiiismxAOsmoCT^ GnaoDG soarosc TiGsacicr ui^uj-iv-^ 600 

^° Qqggam TKBfifiwo cia3C33iG mjiUJi ' i LA. ciGraffiprr oiiciKror 660 

KsooffiiG aasmos^ 03:^150031 g3G33=kc tuilthxta cnsmnc 720 

35 aoaoDXTCinonA 0X1003^ ''^^ 

rpOTTTOT- ABGMCRSSC CmrMCT GIGDOTIG TGKHSCTG CnCRfiTOC 840 

GX2m30^J>G:no«ma3aQ3zicra3i^^ 300 



960 
1020 
1030 
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(i) SESJENS OM^ftCIEKESriCS: 

(A) laGIH: 1037 base pairs 

(B) TYPE: nnleic acid 

5 (C) SIRSNEIIMSS: single 

p) TCPCiraf: linear 

(ii) MXEEULE lYEE: im (gexinic) 

10 (iii) ffiHJlHLTiCM.: ND 

(iv) fl^n-SElCE: 



15 (vii) ME)I7ffi; SOLKi:: 

(B) cmc: rmns 

(ix) EEfllEE: 

(A) mC/KEY: 5»17IR 
20 (B) IDCmCN: 1..13 

(ix) EERDME: 

(A) mC/KE!ir: excn 

(B) HDCKTICN: 14..1Ce4 



25 



30 



(ix) FEMIEE: 

(A) N?MEyHEY: 3'UIR 

(B) liDCSnCN: 1025.. 1037 



(xi) SBJJEKE nSCKEFIICN: SSQ H) ND:17: 

j^gmoax xiKiGsia: oj i U a Tiux AfiafiAPGiG laas^finos xt^sgigica 60 

35 gg ^ ' iuiiu Aa3«3iTrG agxicmct gsockhc csomio tcickkea 120 

40 _ 

omnrasG G3riciMG cumsio: cnnnsc CMnoGPas ciiTiu^^Gcr 300 

iciasvms TRCKrorr aoctmsv om^raiA c^gziqsgs aceigkiie 360 

45 cncrnm; omisos onicacrT cnsminG u.M-t.icisc TCiocaxaG 420 
■n^gmciG ujLAD'iuiLG (jLTiambT GmcfiAKi: AaxyGnmi loairKKr: 



180 
240 



480 
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cnnacrr MaanCTC ciamns^ aujiuiAr caG^iGrns omGCo: 540 

OmSTEm' CSmi^OT noaXTCTr CEXraGSC ATIQSOTG Cfi:iUiL;iui^ 600 
GOXiaOff Q^GftRTIG MAA?OCIC CTm^IGDC lUbTiaOG TGSOTKIE 660 

cinsroum a^Mraaas j^g^a^ rmiti^'iaiA aaacrociGr crrcnnoE 720 

10 jo m t r iii ooanGT aomm: Tsmcnsv cirmao: csgoo^ 78o 

MCiGiGcaG oCTcrMG AOA?mA cnmriGiG mnriGiGr cosmrn 840 

GTMcsmr fflGSOMC 'KMmm igxiciost Ara:?m3X ct^itcigigt 900 

C3fflGITnSC OOSEfOOC lOXCSTIGV OSEOG^C AJJUCIQOV cnOOMX -960 
CmiGS^ 033310^3 iOISQimA OUJL'iUJX 001303^ GKn^OTOG 1020 
20 a^fflfllGOTMMO: 

(2) IMCRMiai FCRSEQ ID^D:18: 

(i) SEGJEra; CHP3R?OIRIsriCS: 
25 (A) mJjIH: 3425 base pairs 

(B) TYEE: njcleic acid 

(C) SIR?^^I2mSS: single 

(D) TCKmar: linear 

30 (ii) mmiE TfflE;: rm (gaxmlc) 

(iii) mPCMHia^: NO 
(iv) MTL-SEm:: K) 

35 

(vii) m^IMIE SOICE: 

(B) GLTJE: rlfrlPES-tCm 

40 (ix) EEMtPE: 

(A) m^E/KEY: 5'UIR 

(B) KX3\nCN: 1..6 

(ix) EEMUPE: 
45 (A) IMyra^: excn 

(B) LDCMICN: 7.. 1017 
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(ix) EEJ^IIEE: 

(A) hSMVWY: inbxn 

(B) LDOarCN: 1018.. 1617 

5 (ix) £E?niEB: 

(A) mE/i<Ei: excn 

(B) LXKHCN: 1618.. 3411 

(ix) iETOUFIE: 
10 (A) mE/¥E£: 3'UIR 

(B) DXmCN: 3412.. 3425 

(ix) ££?aUPE: 

(A) ICJC/KEY: ndscjfeature 
15 (B) KISnCN: 1025. .1617 

(D) OfflER JNBJMmW: /prai3Ct= "IPES sequenae" 



20 



(xi) SQ3E«E EESCRIPnCN: SQ ID N0:18: 

AggrmiGS ' lumjimi T oxwgaflA osjscbsw tgsobgig ictqjojg 60 
GiamfflGT Tiam:!^^ laujoiiG cacnmns ajnuuiA cesgsigtot 120 
25 aaasoosic QSfflG::3(M 03:^^ 

ajJ:3 g GK3 3 MPOOg: GSgggflT GJIAJCIQSV AGaOSDm TGICSaEIG 
A?G33DCICr MOrDOIA TOCEIQXQG ©030003 AiiimuLA uJi'IOOSA 

OGSDOGiG arnmsm oaoGsac cnomos mscbigic oD^mcnG 360 



AaG3g333^ CiUjjnaA gnGJSOX GIG3XG3IC 13001033: GCEiQanr 
35 CIG3ISGIC TO3Xna33 OSIBmCAA TQSmSGr Aaarom3^ Hii-iU-lvA 

a -' imuiarr CTOoam: 330300: ommmsr Taasooor AcnjaonG 



45 CiUJrtJiUJL. TGICTSCGA (jJL'HJ^IC eSgCITIG ftHJgOC AGCTGOGIG 

omEDOc APffooffiflc cnmmo giuiajitil. •iuiai:;w?G cncfiAioc 



180 
240 
300 



420 
480 
540 



(osooQCA crarnmA GncrcmG sootosc riimuicr oaasaaocA 600 

40 

gffi3«Qm Tis««?o ciajmnG mno3^ 660 

mamfSG oaaaosA uuLTi ^ m' osmno: tgictkeir asacsGOC 720 



780 
840 
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armssck ftoc3G3ft ciKiana asmKOo: oim-iac iGrawGnr 900 

GmjSTPOi acs33jxr loasnoG oomxx Kjcnmj^ ujA-iu-rHo 960 

^ QOGQasia: asoso::! axMXiG ojulajul/c naGnmc mrnTWOG 1020 

csaaoaroc ' j. i .n-u 'i u. cn.u. i .i ' .nr . comxsm cmnaflG a3rnam 1080 

10 iMarmsr mujjmijT omaJOGnA Tmuxm TAmmc Trnsn^ mo 

Gismm: osffiKnos armiLTic Tionsa^v mEDosas icinarrr 1200 

Cmi3»«G C3«rG3?ffi lCIGrD^ 

innnfisc pmmm: Txumiscc cmcnm: ?cnimx£ acnmox 1320 

smasigr luujujJLA tftfceonjT GiKPgg\m cygiGaflA. Gamxm i380 

20 arnGuax msttgisg TiasaTGrr giq3««5G Ta««niEr ciccio«3: 1440 

GffinOfflCA AJ333nSA GS^JCCPC AfiGSmCDX KTIGIMaaS Aiuitrtia^ 1500 

au t - n n ?r a30mnT TRDOGIGIT TOGKOffiT TTWWfiOST CTOuj-uu. 1560 

Tsamms ULb ' iuujx T a ' ia. ' iu:. 'i c aiujiuo'kg aim-'iuiA a3riq333r 1680 

30 oCTsnsavamnrca: cTioaom: canoaa: cnaoaaac ojiiiALiG 1740 

TCCTOtaSCA TOmJKDX (nCBtSCC MCTCITX JmOJlQiT CAJLLLrtillC 1800 

MmosiG ' io - iumuj QOGiassc asoasaGC T33G«ni: TScnosiG i860 

Giuj i aiiJ ^ cisoGaa. aaajaxDC Tnxmsrc cciqsgigv asowoaas 1920 

40 GSXiGisa:: loiicncAGaax^ 2040 

qiCTPTTR M. i j f tT anrr (jjm J Mljffi. TKEIOSCS MJHTOE GIOOafflG 2100 

TOcaicRscA aoaaaacrr oaomns amoms iujujillt casanTo: 2160 

sicDJ3«o: (mnnox coaasoas arf^^ 2220 



annrKT kmcgiot gjkxs^gjjz ADcniaoE M33:mm cijjLi-iUjib 
amoms Au i aicnv gigqo x q x CTGnassm. emoxucA cnnmm 

iG33xnrQ3 aHnvnr criTDaK; ci?onsAG ogctcigx cn u - HH-t-i-ii 

f _ r mj_"it i ' V cnOOTO Cnma3\A GTICTCT^ 

QHnmA 'iu^'iG33 eniGajsiK: aiiimrgv igzcttox ennyoaG 

M33XnG3 T X 'irTyTnrr; 01703:3^05 QOfiGKI3\ ODCKOaX LUiUUUJj^ 

lomMTC joacrrax ociCTGorc an^cnxx: tctuuuulix-; cwnsionc 
cnooia: jmcmiE cMGTi^^ aGiami: aaaGmc 

aomJCLT CITOCTCKIA CPKKX33^ CTCTGgOi: IG3Cnmjr rji.-t.ii-i>,TIL; 

aasmiTOG A23onGiG ono^^ 

ciaG:3ffg\ cumsiGgv (juiudJi'iL cmo?^ jCTOcnrr cGna?aQ5 

TICTOODG raSWGIOG CKTIOOTC am]3ICIG TOCTICSGGA. bTnuJ^iu. 

GiaTCiasvArioonc^ oaumMC 
' iimuj CT QC7ffic?G3ic ciUdmGTC oijnccpos oisGiGSA Tommr 

ammiE cmirrac cnnrraffic ArcsGiQ333 qzaa?03Cig AsuiiwiiE 

GCOX 

(2) INEOMOTICN SEQ ID IO:19: 

(i) SEQUEKE CH^^OEBISnCS: 

(A) mBIH: 3432 base pairs 

(B) TYEE: nucleic acid 
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(C) snroJEHMSS: single 

(D) TCEOOy: linaar 

(ii) M^EEULE TffE: (gerrmic) 
(iii) ffltOlHiIiia^: ND 
(iv) JNTI-SEIS:: ND 

(vii) IM-CimE SdKE: 

(B) CL£IE: rOHK-IPES-tEffl 



(ix) HTOUPE: 
15 (A) M^E/KEY: S'UER 

(B) LDCTOICN: 1-.13 • • 

(ix) EEMIFE: 

(A) ^FJE/KElf: excn 
20 (B) lOmCN: 14*.1Q24 

(ix) EEMIEE: 

(A) mE/KE^iT: intrcn 

(B) nXKITCN: 1Q25.,1624 

25 

(ix) n3mK;: 

(A) N?ME/KEY: excn 

(B) LOTTICN: 1625.. 3418 

30 (ix) HSOTRE: 

(A) ^JMyKEY: 3'Um 

(B) mMlTCN: 3419.. 3432 

(ix) lETmEE: 
35 CA) ^F^E/I^: miscfeature 

(B) KOOICN: 1032,. 1624 

(D) OTHER MO^^CN: /product= "IFES sequaioe" 
40 (xi) SEaUEKE EESCKCPnCN: SEQ ]D^D:19: 

A?mTO3x jmflQ3Kr criujnajL: A^^g^fifiSGiG lasggnQG AomGiov eo 
ocxriGSic MCSffiiTiG A ou iuaL T QMCiasc ommrT lociiacEA 120 

45 
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AisKnai: csiansRi jcpogjss^ MssffKrr Konms msmtogt 240 

cacsncafiG aancmro cisaiMa: ciarassG cjcnoaGS umujm- 300 

5 ToaaKBS T ajimux T aus^soa ogmoxa ooirasfls ADsroiarc 360 

cncntafiG caoDasoG ccnascn' aasmisiG oidsicdc 'mu.r.riT, 420 

ro a'muu am ji aus cLT i imj a r GirKMro: KCCPGum. romToa: 480 

^° cmcsocr mq3OT3c ciimmA cnnoCTr ogctoitog somsisa: 540 

oaGrniCT omsacOT TmnGiT cicraoac AnaacriG cjuuicnib 6OO 

15 G3X30fflT canswaTC imifanc omsiGuc iujIiijos TOGRRnoE 660 

QCmiGISfiA C?ff«IQ333 «03fflQr TmiUalGIA OJJL'iUJIGT CTKCTC33 : 720 • 

AsmociG ca L ' luuL 'i Gf CTiSGSOx louiimA orrrnaa: csgockt 780 

J LCimUJ C CIim33«G AOWtCIA OCRiOGIG TSCITIGIGr ObaSOTT 840 

cafiigmr masosg: iCTGatfciA ' iujl ' il ' iujI Aiajgox mi-iuiuivji soo 

25 ©BGiTKac oDSDOoc raajanc^ ^ 

ciocnaaG oaasnxMS Mtsmo^^ cmrmr csarfcna. GiQCXKnsG 1020 

craRMoaT A3aTCn3CE ajiaacic a i . r.i . i 1 m ABasruac aacs^ms 1080 

cnoaffiERA ' .-^^ l uj i Mu asnrcicm TTOGnsnT loaocRiKr laaasicriT ii40 

ia33ffiIGIG M333II33^ MCOim: TCTCnCTIG MSOCfinC ClSUiiiia 1200 

35 T i n i nrir ODWaaA TG3«33ICr GrrS«IGIC GICSMMG CPCnnJTCr 1260 

asRMcncr lo^oow^ (mGicicr Tmsoxir 1030350: oapoccnx 1320 

KTiGQasc Msioncr oDsaccwm iwaasoc cio^wor i38o 

^° oaacfiKiE acnmas TOSGriG csojcnGiG oftPffoicAMiui-iaL 1440 

anmsm. ricPKms 0330*03^ tsiekssg GcmisaT GDooasac isoo 
45 roaaG333 ana33ia3^ csiOOTm: MGP^^ 

(jjjjumjGR flx;a3323^ aJiuJiTi ' iL crnCTffl?ft qoaaiMR a^-i'Iuj^^ 1620 
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ilMlliii'PK^ 
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( ■y-yj 'i' iu,:^,^ ' ? ATXKiMG jffirGmjr cwctotcig cpchctpoz axsGmiA 306o 

ojiL^mu TZMmiE cxEKsm: iGsmcuiG cKmirpcr laimoGr 3120 

cMOiQsnc A?omKE a?go33c cKmrrsG auiuiuia. cicsGCjm' 3i8o 

' Hjrin r ,^ ! !..; cmroMcr aammiE asffiRTic imnjcinr ajjultilu- 3240 

aji m uiaj A iim; i iJCA xaosiccic Qamiair ncnmns JGioafiicG 3300 

QCTOHOG azn?^^ nsKrPGsrr am?mr Aiiinao gjjj^jjjg 336o 

ajmno^ jmTTTTrn G3i^^ 3420 

15 Giu:i.^i3:i:i:: g: 3432 

(2) ZNETRraiai R3l ^ ID ND:20: 

(i) SE33IN3: GFJffiSCIEKCSTICS: 
20 (A) LENjIH: 30 base pairs 

(B) "KEE: rucleic acid 

(C) SIKMHIESS: single 

(D) ICPCfffry: linear 

25 (ii) MXECUEE TYEE: dm 

(iii) HYPOIHETICAL: ND 
(iv) ^OTI-SEIBE: 



30 



35 



(vii) I^MEDIA3E SOKE: 

(B) CLOC: chEaC-IRES-070 



(xi) SEXJHCE EE3CRIPnCN: SEQ ID ND:20: 
prrrrTrPfr (j.-i.-iii.acr oriUXUX: 30 
40 (2) INEaMalCNKRSEQID^D:21: 

(i) SECHEN2: CffiRfiCIERISriCS: 

(A) DElCm: 30 base pairs 

(B) TSE: nucleic acid 
45 (C) STRSNCnNESS: single 

(D) "KKmSf: linear 
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10 



15 



20 



25 



30 



35 



40 



(ii) mmiE lYEE: cim 
(iii) HiroiHEnC7\L: ND 
(iv) ;^OT-SE^BE: ID 



(vii) IMCDIZOE SOKE: 

(B) CLMl: oIFES-rmO-O?! 



(xi) SEGUa: EESCRIPriCN: SEQ ID ^D:21: 
AjaiiUai'IG T33OTQCTr 
(2) INECRraiCN SBQ ID ND:22: 

(i) SE53UEKE OJ^RfiCIERISnCS: 

(A) IEN3IH: 30 base pairs 

(B) Tirai: nucleic add 

(C) SIRPNEHMSS: single 

(D) TCPCUDGif: linear 

(ii) MMEQEE THE: dm 
(iii) HYPOIHETICTL: NO 
(iv) mn-SEH^: ND 



(vii) ItWEDIKIE SOURCE: 

(B) aOC: oIRES-rra>072 



(xi) SEXJECT EESCRIPriaN: SEQ ID ^D:22: 

OTQGCKm a3m3aiar ciasnoxA 

(2) INFCR^CN KR SEQ ID 1^:23: 

(i) SEGHCE affiR?OEFISnC5: 

(A) LENSM: 4499 base pairs 

(B) TYPE: nucleic acid 

(C) SIR?N[EENESS: single 

(D) TXJ9CL£G£: linear 

(ii) MUrUIE THE: (gencmic) 



SyBsnnnESHEETPlEZB) 
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(iii) HYRJMLTiCAL: 
(iv) ^Nn-SEICE: ND 



(vii) IWOIME SOURCE: 

(B) aHE: porc-thrcth fusion 

10 (ix) EEKREE: 

(A) ITOC/KEY: 5'UIR 

(B) KXMICN: 1..43 

(ix) EEMURE: 
15 (A) mE/^Ef: excn 

(B) LDCanCN: 44.. 89 

(Ix) ED^KEE: 

(A) >S!ME/KEy: intrcn 
20 (B) LOCKTiai: 90.. 168 

(ix) FEMLBE: 

(A) IWE/KE^: excn 

(B) liXATICN: 169.. 482 

25 

(ix) FE3mJPE: 

(A) NPME/KEi': intrcn 

(B) KXmCN: 483.. 1080 

30 (ix) EESIUPE: 

(A) l^WE/KElif: excn 

(B) liXMICN: 1081.. 2091 

(ix) EEMIEE: 
35 (A) NFME/KEY: intrcn 

(B) irnniCN: 2092.. 2691 

(ix) EEKTCPE: 

(A) l«!JC/KEi:: e&OGn 
40 (B) LDOOTCW: 2692.-4485 

(ix) EET^rUFE: 

(A) mC/KElf: 3'UIR 

(B) LXAnOJ: 4486.. 4499 



45 



(xi) SEQUENCE EESCRimCN: SEQ ID ND:23: 
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M t j J i u fTyrrrTO?^. L.;iti^"mr gm^icnrr ?am3^ gT^iujaf 60 

5 

inximci ciCTGJOCT osmicto' Traxmcr TicumiE Gxtsyoroas iso 

cT i TYn -f ^ ' cn x yjrx i r ^ GGTKmsi oasnnoc iiiimim ciamsos 240 

10 G?ogG3xi: asnmrr GJiMG?n3 oirTmii: cr?nm3%c ciasmo^ 300 

G XU U Ll U ^ r G33333ISG WiStfffiKG MGCmnA CSGKD3fflG CTmOICT 360 

nfTrranrrr oaimB^ MmmE CJJJjmUff CSOJiUUSG NmSJJOK 420 

15 

( ju L JULim : 7T gnoanc immijo^ naioffis^ oscto?^ msiihct • 48o 

omscpcPG uji mn jc h j ul' i uxu: cdirmcG Ti?033ajG ?i^ajjjjn\^ " 540 

20 GCTtfmr Oai'Cjllj JL j i T IGICPaMG 'iWmULA OManGX murixi^ 600 

ffiiGr3033 acmswo: 'lUjjxiGic Ticrnsm^ a^irazms aincrna: 660 

C r i a U U JLA AfiGa?mrA ^OSICIGTIG MIGKCTa MafiOJCT TXICIQggL 720 

25 

azncmaA oamm: gtctgipgcg TorrrnxA oaomim uuulu-mct 78o 

QgDSOOSr (j_?; ;.l T'nT -fr-t " ^ OCT^AAfOIA aSTGIKmPG OTOOTDX m€33J30Ck 840 

30 cwmmn' oiXGnGr csctkima gtigiosva ooowms ojiijiuJiLA 900 

Mi3mnnviOffiGa33^* (Mosrar cpg^?gjik: anmnn^ aiafdLiisT 960 

r irj.:.tj r ii ; G3IXIKMG CTTnOIGT GTi'mJiUA GGTITV Wm CEIdMUE 1020 

35 

rrTTTTOrra nrrrrarnrr; bTlTlUJiTr CS^AAARCXG OTOTDVOT" lOITOffia: 1080 

AiU b' luujLT Qsrmm; AAA?giGra3 smogov jgiGiomv oji^iKXi: ii40 

40 jgCTTKKr ciLAi u iUA (jLLmji'iCT cmi?Ggr Gi?nan:?G 1200 

osTCOSffiGC TCTTiaao^ cMTOxnc CPGHO^ masiraflo: JOTiccrm' 1260 

GiosffinTO^ CMCHSKA cstkeekt losm^GG Tftmoac o^rMGor 1320 

45 

ciciMninA (jjji t yitAiM u ocossmc ciosmiET Tcomrcr ggasogsik: i380 
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10 



15 



20 



25 



30 



35 



40 



'imujL' M T csonsoc amncPG ciosaacG icnamnT cnoffflaG i440 

ujaL - iui, T 'imujiccG Musraax osicnoGr ( ■r.tj. i . t. i,.i LA titiciq3x isoo 

ASicmEr ' l U L ^j jiui ' i ' TO«rG3cc oGBmo: omuxic cictcckig 1560 

ooTOCEiG AnnsciG cnmoGG ciGrmsc AroraoCTr crmriiac i620 

aasooTiG am^ 'i L 'i c ccpascm asorzsr aam'rr4-: ooGmaA 1680 

gaangm a?oci03c ojiumua TictiL'lumL. Mnanrr immcpc mo 

MioaGsn; TG«irTm lasntToas cmGicir cinTraacA onaciasc isoo 

' imjimu c MSGTiGi a jj:i:t:-? y r r rmsmsG pou^rm: TCiasmr .. i860 

TWUffiCSTC AASCCraCCA GXTGIGmC TITGIGIOTS ASOmCM H3an3«G 1920 

sownov GS^cnm: aaujm ic amniOT 'lauiuum GrrnsmG i980 

■noooQS cnOTmDGr joasosG^ criooacA Tcmmnt a'Hisaaas 2040 

Gin303m3 jmosoc crnmro^ ac3030G 2100 

A'lt.t I J 1 1 t-T a u uL'i u ua: crmnspc urmjimx cmLULor as^msGX 2160 

ft->.;it.!i(.iuT iTCiciMKr G ' i ' im ' iTiUL iaaranQc: osimnas affiroiGBG3 2220 

(jjjjaafisc c n jrrr^ cricrn?03 AXKnccm aaasicrnc oocicgce 2280 

««33«ia: WOSICIGrr (SKIGmG M33«33G Tia,'iL'iimJU;nuil(A. 2340 

j£3a««oA osioaM: cscnmTOD A3^^ 2400 

1 M l ir .t r; QjaBAMX MSTSKTOA OaJOCnG CSWmnE JOSmrSG 2460 

TOCTDSriG TCRGnoaT ^GTIGiaaA ASGICRRKT OJJIUIUJXC flfiGGGTOTIC 2520 

ppfTy yyrrr TSWasaJX OKSMjIA OJULm'HjIA HISaCDa HJHjijJiA.]L.T 2580 

oasmgg grroogG ' miTiy^iaii posnmm jogicisgx anpagg: 2640 

M3333CGr cmmujiT nsBRfiJOC oasasfio: tigikmc ooGDmr: 2700 

1033133333 ajmLTllX T aJLUKKLTX: : CJlUiJICnC TOSLUXTC QXmnX 2760 

CTg mjJLT ' lau -Ti O A cKimxCTG omnJGS asmjiUA. qihgiccke 2820 



imsMifi 




m 



91 



in 



SI 
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pfoanGzi aTrrmmrA somm: Ticnma: ix-srajsm. azrowaxr 2880 

(J j' Hj'iUL'iUr TIG3ggGIC 03033035 SQJOaS^ AiUJiUOT U3iUbxu.'lL 2940 

TOSCKPaV rrrgy t -trn -^ Cm cmUja SOOXISA GICSCCSCaR. a33rsa3IC 3000 

ramrrarr mrarrm^ nPCCPCCn CH33333JC ASGSOX i?Q«33XIG 3060 

10 TKTKricr TQ»c3mr Tmarza: luiimjuiAAiacmrT csroraoac 3120 

omuju : 50Cia3iGm 'luaii'iUL'ii. c3>G3mii: 'iimJiUiT aacicmc 3i80 

fflOCKKIE aZTKIJOC Q33nQ3G maSDZKi: TOinraSGX Caa3KDX 3240 

ffmimx: icmnissv ammo: pnnsGm: GjmraA a;ia;iiJffi: 3300 

ti uj-i rarr iiommA ciosmTC GDsmso: 'nxnai- yn r; cncrmiE . 3360 

20 CTmOOOS romsnOS^ 0333003^ 3420 

muaaaicr ' iuj ^ulll omAi n L csomon: coscnnc uiiJ-uJiu- 3480 

(5CKI3«3V TCSmmA CjJLUJIOgC TifiUIiaC AJJIUJJUX OUJiUiaX 3540 

CIQ333a3C3Via333ITimCTra30Ca^^ 3600 

TD^JOTOCT TL L m ry TT G3«3nnc ud30wi: cosskst Mcsoim; 36eo 

30 cm3033r anrMms oziGDOTc 2120 

fiiaaaaa: -n j- t j 1 - lu-i-. Gmgmrr. GusamiA ■lu-u.i tt-tJ^ oacsmsx 3780 

TimiLLHa. 033331303 CPCOXPPC 10303303 10333^1033 a33C3CSG33 3840 

35 

OTinom3Tri333iai3^G3ID3003C^^ 3900 

00333033 AI3333333V(3aO£3aEGIG«C7^ 3960 

40 TICCMSSm. T3333aGIT OPG«33IC GIGICIGrX K333333£3V UiiU-lOOC 4020 

jmcnOCA CKIPCN>CFC G3ffl£30Q3 M33IQ333^ 0330333333 CTKOSSTC 4080 

cioaGaGRTCiansinAaKiG^ 

''^ j«Sa33333 103033103 arO^iaaC MSD^^ 



4200 



iHilillSlipilll) 
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MCT33^ ILUULALIG OirnOIE TOGIDXIG MCT^GITOT ClOLIiUja: 4260 

loswamr TCTmn?\ qskoq^ ugxtcitos aznnrpcc cmuumg 4320 

5 CPCinJ^ (iJlUL ' lUjX OJ I UUULTIL CSG333aGr QffifiiairA UUJJJiUXr 4380 

csGKEOoiGr a^miGsiiOGaixn cckxtox om^m^v onoiaGC 4440 

r rTTr r rrrr eomj lG lT C3^?O^K3Cr Q3333MWG GZHSmJIG (iiiir-lTI'n: 4499 

10 

(2) immmCN KR SEQ id ND:24: 

(i) SBQUEia; cHmnERisncs: 

(A) I£2GIH: 30 base pairs 
15 (B) TYEE: mdeic add 

(C) SIK^NCnMSS: single 

(D) TCmiDGY: liiBar 

(ii) MSJEEULE TYPE: dm 

20 

(iii) HXPODETICT^: 
(iv) JOTT-SEI^: 

25 

(vii) MeDIZm SOKE: 

(B) OOE: oIBES-074 



30 (xi) SEJ3ECE EESCEIPnCN: SEQ ID N0:24: 

?mm3033 UJULlL 'i UU C 'iUJJJi,l.I.l . 
(2) INEOmiCN F31 SEQ ID ^D:25: 

35 

(i) SEQGEKE CHRR?aERISriCS: 

(A) IBCTH: 30 base pairs 

(B) "nEE: nucleic add 

(C) single 
40 (D) TOEOO^f: linear 

(ii) ffiLiniE TYEE: dm 

(iii) mPOGEriCKL: ND 

45 

(iv) POTI-SEIEE: ND 



SUBSmUfE SHEET (IIIILE26I 
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20 



25 



(vii) M€DIME SOKE: 

(B) cum: oZeocinr077 



(xi) SEQJEKE lESCRIETICN: SE32 ID ND:25: 
INEOF^MICN KR SEQ ID ND:26: 

(i) SEQLIKE awmnipjsncs: 

(A) l©BIH:. 30 base paixs 

(B) TYIE: nucleic acid 

(C) SIKSOI^ESS: single 

(D) TCraaar: lir^ 

(ii) MXHULE TXEE: dm 
(iii) HYPOnErra^L: ^D 
(iv)\fiNri-SEJS:: 



(vii) MCTIT^ SOIKE: 

(B) GJJtE: 0IPES"Zeocin-075 



(xi) aJJEKE EESCKEPnCN: SEQ ID ^D:26: 

33rcMcriG GLLmujnG in3cpm:n 

(2) INECRMICN KR SEQ ID ND:27: 

(i) SQLEJO: OMfflCEKESriCS: 

(A) m«3lH: 30 base pairs 

(B) TSE: nucleic acid 

(C) SIKMnMSS: single 

(D) TCPaUXSY: linear 



40 



(ii) HUrULE "nffi: cim 



(iii) mPOfflEncSL: NO 



45 



(iv) JMI-SE^: ^D 
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10 



20 



(vii) IM^IME SOURCE: 

(B) CLUE: oIFES-Zeoc±:^076 



(xL) SECjEUE EESCKEPnCN: SEQ ID^D:27: 
(2) INKHMICN ECR SEQ ID ND:28: 



(i) SEXJINCE OT3^fiCISlISnC5: 
' CA) I£N3IH: 5540 base pairs 

(B) rffE: nucleic acid 

(C) SMMEn^SS: single 
15 P) ICEQL/xy: linear 

(ii) MIHULE TffE: im (genonic) 

(iii) mPOEHEniGftL: ND 

(iv) JMT-SeeE:: ND 



(vii) MdEimE SOKE: 
25 (B) rrfTJR! pcMZPC]I^Ii^-raI>II^-IS^IE^ 

(ix) EEMURE: 

(A) ^^^E/KEY: 5'UIR 

(B) LDCATICN: 1,.118 

30 

(ix) EEJmJPE: 

(A) NPMEVKEY: excn 

(B) KXKnCN: 119.. 164 

35 (ix) EETfllFE: 

(A) l^MyKEIiT: intrcn 

(B) KIMICN: 165. .243 

(ix) EEMURE: 
40 (A) N?*E/KEY: exm 

(B) LDOfflCN: 244,. 557 

(ix) EEMIPE: 

(A) NPMEyFEY: intran 
45 CB) LCCKnCN: 558..1155 

(ix) EEATIFE: 
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(A) IWE/KEiT: erai 

(B) nxmCN: U56..2166 

(ix) EEAOTE: 

(A) MC/KE2f: intrcn 

(B) lOanCN: 2167. ,2766 

(ix) BETmFE: 

(A) J^^ME/KEY: earn 

(B) LOGKnCN: 2767.. 4560 

(ix) EEKKEE: 

(A) IWE/FEf: introa 

(B) LXKHCN: 4561. ,5159 



(A) lOTE/KEY: 3'UIR 

(B) nXOTTCN: 5535.. 5540 

25 (xi) SEIJIKE EESCRimCN: SEQ ID ND:28: 

ASQznoaiA aim:iuj^ AicgOKiT A?mm3X jctsigzegs aai-hjh^ 

A3MaC3^ CX:iG333^ 
30 

aminj^ iQgsrmrcr iLTiUJiCAr ciAjtib'iUiTr Kmin^ us^i^xu^ 
icm\A?OT GymsKiM: aapocigig ACKjrQS^^ TO^LTnuj- TncrrrciA 
35 c3m33K3^ TirarTric cmmro: ana^GiT offiGmsoG cxi^^iu^u: 

jiGCTCKIE G3G33ffir 03X30503 UJLUIUXIA TGmXQCTV GiiiJ-uJ03 

(xaaoCTA GgomnG a u aiujjijb cpsgtfg^ osmmr errmCTOs^ 

40 

aaso^?OG cxjoom: 0031^^ 

cnnMGo: oOTOStfOA ram33iGr ujb'mua pmnnm: TKnnMA 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 



15 



(ix) EEMIEE: 

(A) mE/l<Ei: exoi 

(B) LOTTICN: 5160. .5534 



20 



(ix) EETmEE: 



MDII 



§1 




15 



25 
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' I ' j t jjNUTi ' nxinm^ smnm; AASccmr OGicncrr gpcgpgctht 720 

ccimnsK: mujujiLT asxm^ni Araj^^sosic iGrns^ygCT aiinms^ iso 

5 

aZMTICCIC TOMGCTC TI®ft30A KMJGICTG "DmsmiT TIOMZM 840 

a33WIIIE amQ333V CTmOG^ 900 

10 cCTO tf^ crmofflo: 02=0x0^ GrrGnsGrr offlmaTiGr Qafi?m3rc 960 

ARftIG3ZICr CnCSMDSr Ana«3\?G GGXHSmS MGOXT^fflA G^ITmEAT 1020 

iGKrozar cii m u iujG r gxtoxtgc: Asiujim cMGiGnm Giasmm loso 

M3CTi m ?L OTmoGST airiLbTiL: coN^mm^ iGioGaAiT ascMGiGr 1200 

20 omOTGS •KXD\?CTr Tsmno^r ciiimxrrGG jmmnas ctiuuupc 1260 

cMSiGmic aoc^mscE csMziOTrr gcpsoitg cnnacsGm cT^SGsmsr 1320 

(3^?mMic arsiGKm Auoom^ ©pgootc dTmas^A o^GsisaKr i380 

GiaoTKA Amncm iaziK3XOT oriULmii aikciqsv Gii^ma^ i440 

cnciximz (■yTm^n^Tn-; crzmsoG Gomox ooociosv osojiGia: isoo 

30 CLLTILTILA Kmn33C CIGJSmJS TG3JCI3SICr XJIGiain: 1560 

o i iLiA i Tnu inuiGKn: cm Ji'iOLL : GiGinaAT amncm tricoieat 1620 

QCTCEiac: CT m aiKTic Kxnn^o3J3 gsliuluux mimriun' aasoiGiA 1680 

35 

amGnn; ciomrTc Amainc ttckiims xTOiaso iimt'iu^ 1740 

a333XIOG ADOTOWff TQffiAftfiCIC TCnmnGT ^OGOTCSC TCIQMTIC 1800 

40 oaxmiGiA i«=ooMa3 GomGR?^ GLTi'miUaTC CTminaiT arcrrxm:: i860 

0300:^3 lliJOXCT GKKSGSC CrKMSKT OOJLTriLA OXSOOOV 



1920 



45 



GsninGiGC jmxnTm^ J»ic7wn: mx?GXiG itjiAJimT Gmsfflo: 19Bo 

TECMOGMS Cntf^nOA QZKJGaSC TRIOXICIC GKrCI3m3 om'lUiCT 2040 
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GusffiGrnG mdojDOC j oixma rr omjoas JomrrcA ommxsG 2100 

nj 'U t" rUj 4 M3333ICrA OSmsmG CTOmnOS CmmXT (3033:3OT 2160 

5 BrrroaaTrr AITOSTCDS OJULXTOOC 'lUJJXLl.l 1\ CimiSriPC lUdJJbARG: 2220 

ojUTRjCffl T iymiasiG 'imjrri^Ti"- miMGiw Trro^craT Aiiujubiur 2280 

m UjUAfllG 1X3^30003 G^rnXniOOC OJlUiLTILT TSOmM' TOCUmasr 2340 

10 

crrrraxic Ta3D3^R?ffi 2400 

aD3330SC OXTGIGXA CJanGR^GT IGOTTmG T33tf^?m3r OmiusJlL 2580 

TmOffiODS WIDtfOA 03333^^ 2640 

20 _ 

'laLg^iGS ( jj. t amuLTiT MiGiGnr AsicraGarr j^aaaaposk: 27oo 

Tjmnnr cstfmmE oanosm 2760 

25 JOAOCMGr M333m3C; (jblUiJU-VlL TlUJiUJl LA TXIOSKn: 'limJiQJG 2820 

fjj_'inr.|-nT- nu n^ CTn aJ U L THJ U X TKnOKE OTiaSm: CCT333S^ 2880 

ClU^TCT CCIQOTCRT CPOZmrOCG CP03^GaA TCnOTCA UJiU-iUcllb 2940 

30 

CGGSgnOVimiTOSICT aJ lU TlU J b AIGiaaS^ CTQ33aCT G3^3ms:i 3000 

GPcrrasros lociciafflc tsogssc u jjjx' u ^ riuuGsmr oosgiqc 306o 

35 cFomiii: mnico^ 2120 

JOXnO^ <j.iJltjl!Ati.T OJltTlUA AG AiiLTiTib O^lL'iUilA CmmTK; 3180 

m r i ca roG jnsmiTC oJiimn G gigikiggrt txtgmsv GxozKm; 3240 

40 

TO3ZiqgGr cmGftAg^ Muuuxm aomm: immiCT oj^uujiu 3300 

fflOOXTmi TOXOffiGX UiJ-l- l U U LL GOaSOm: OSmOOSV GmimE 3360 

45 crasmox TOTamE cnmocc: msitogst a:nM3KSC asujiuxu 3420 

Gpcoocnoc ojjsjmji cMasrcKiG ijmmnv Tosiamsv Q33:7ra?G 3480 
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^ ^ t ^mujIo: jmoiasv GoICHCcpg lairjxGXG kshhspgc cpsjcooocpc 3540 

T i f ^^tJjj ' CCIG330C C3^fiffiD3^ OOOCPOlXr. TCMLTIOG 003100310 3600 

5 

CIQZmXT amUKIE OSDCKOir TTTISCIKI: CPG^GS^^^ A33XIQ3X 3660 

r n nir-tji-T ! ( _m_rn t" fr Tr CSGOTICIC Q3X1Ga?g TKKmrA OVmJOS 3720 

10 GiGKPtfo^ QjjGziroi ciU L'i u u iJL: AmnriCT pciKmnz lojjjiim^ siso 

arnosos amms^ Gm;nmj ciQ3D3ffiCA azmnraT azmcnx 3840 

cmjoaGA Mjjr'i T ir . T (TiamiE 17033033 pcpipghgopc amnnn: 3900 

15 

ci r j .mjr.T c2033OTC3^ otu'iuloj iciLmjiu: ^cymxrr csmnias " 396o 

itf03IG3iaV CTOIOOTX Om^^ ■ 4020 

20 OOJOOr CTOOTCTA GSO^I^^ 4080 

G3mD3IGC lUflllXLTC TIQ^OmC ATOmM^ iOmOTT Q3D3CD3IG 4140 

< j f j ( j : < -j[; i ' ft , i ; QSOOGia: GICMCmiG TaCTCTOA UuJuCPfflOS 4200 

25 

CT GJGEa o: iciGasCTG omrosc cciQ33rra: igoomia crrocnrrc 4260 

GTOVOffiT TO^TmS^ QGRSGICIGC JOnOOTX AidUblLTGT CTIHISOTC 4320 

30 Tmjjitjj-- mjccTooNk crcnncM: cjuuLAJbia: intfmxLT Gummc 438o 

GJ^rcp^rcr cnmrzos (m3ma: loaixnia: anrocjms asoos^n' 4440 

asa^mrc 'luuLi ^ gg osigkims TioMffo: cnmricA ciujLom: 4500 

35 

Twi wr r jomim: anjinaz GiocmmA laonmss awmncA 45€0 

MsnnnE ( XH);n. '' P " T (jxTOcmr cariwasr m:iG33a3i Aduud^Ti^ 4620 

40 mwrncm muiuxjiTi ' Grcmomsr wmocsc cmkitoxg TCrrnoacA 4680 

MGiomi: (ji?yAftrrT g^txciGicr Tcnomc cktkctos asmmox 4740 

CK i mJCm Mg^gmiJtf^ G3 0CT n3V ADSKGIG^ OaSOGCTr uJlUiU:mG 4800 

45 

ci ' iaiLM G ?a^mm33 miGiTms^ acEma^c o^maMC ooocoGcrG 486o 
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imrCPGUG cmLrTIGTC MITOMM TiUiUbAfiPG ^GKJ^AfilGS OCTXiaA 4980 

5 QDsmriCM aramTC Afiosmin: ASWGsrax ocktigit^ gsickmc 5040 

■I f j ' rjry-TY T ; Gia301GC TTITOaGIG TITOGiaSG GITg WW ^ GICIM3II: 5100 

rrrT?arnar ogasmoG TmuLJi ' ni» mmjUjk inw^ozn: Gixmrk sieo 

10 

7T3Tr 7 fflr7TT omGiox GTKmsiac icsamro cracnrair G3033aia3 5220 

j^i'iLiGGSc osmnnc ULbTiu iu a: oascrm' QSGSoac TmrnsiG szeo 

15 lUl J il JUU GG ^ OSngG?^ UJULUblQlA GSmnZG GUUJ^^ 5340 

iomnoa: c '-^^ -'i t ^' i t^'. Giujjji-4.i. Tosonrr anamsG TOGKoaGS 5400 

TCGIGTCD^ g ^Tl U LU b GmnCCG (JJ-l.N.-i I (MDSOOC 5460 

20 

ajiuduim:! Gsmoax cmajaac ojimim ogogkix: rimiums 5520 

25 (2) INEOmiCN P3l SEC ID ND:29: 
(i) CHfiKOEBISnCS: 



30 



(A) LEHIEH: 829 base pairs 

(B) TffE: nucleic acid 

(C) SJPM^CEHSSS: single 
P) TCECIDG!f: linear 



(ii) mmiE TCEE: im (^xmic) 



35 



(iii) HYPCHHEnCSL: ND 



(iv) JOTI-SEISE: ^D 



40 



(vii) MdEDME SCXKE: 
(B) CLQE: EroPIG 



45 



(ix) ESmEE: 

(A) NF^^yi<Ef: 5'UIR 

(B) KXMICN: 1..16 



(ix) EE?mEE: 
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(A) NP^E/KEY: excn 

(B) ITOmW: 17.. 820 

(ix) EETaiEE: 

(A) NM^yKEY: 3'UIR 

(B) laCKETCN: 821.. 829 



(xi) SEXJSKE EESCRIPrrCN: SEQ ID N0:29: 

Gjm3znc axRcmas cmisnccr Gomrx ?cnn3Zjnz lunujiaiG 60 
oirndGnc cKm?0J3 i inmiJgv AiGgm^G canojim ubuuLAjcm 120 
15 aesDZTOGiG (j u uju u u j o: ? jmo^scrr ul'iuultiu. GiMiGaAr Gumosim 180 

JOaCTECr CKJ^ffilTT G33WmG (mnUITC CTGrmXT OCTWmffi 240 

ai i CTKm aiQX?03i G^axrro^ Ksmmu: man3^ imrcprn ' 300 
20 

TGFGCnTEKT CCCPSHS^ C?G^?^3^?0^ Q333^ftIQa AGICSG^ lUiimn] 420 
25 GIMQ3333:: TIOmsysQlMSm^^ 480 

cnmwm amrcraj AA?oms^ c7\?m3GC osmzno: Mcsosnos 540 

30 

Aftamrm ciostfoms Mzijwm anocsfflPG asvisrans u^TitJAroc 660 

mS^GTPOjr (J30CCP(3G£ GalOMnSV Cm3V3WV UJJjmQSG GITKrnSA 720 

35 oujiTiux omnciG: crnaisn^ "^^o 
TStftfaas^Aytfvo^DOS c^gsotiot qootitaa u^ajGas 829 

(2) INECFMmCN KR SEQ H) ^D:30: 

40 

(i) SGINCE a55^fiCrERISriCS: 

(A) IJEK3IH: 598 base pairs 

(B) TOE: nucleic add 

(C) SIRPNCEHESS: single 
45 (D) TCEOIDSir: linear 

(ii) MliniE TYEE: im (gEnonic) 
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(iii) HXEOIHEnCHL: R) 

(iv) mnr^i^: ^D 

5 

(vii) MCTDOE SOCKE: 

(B) dHE: WES sequara 

10 (ix) EEMUPE: 

(A) m^l/i^: intrcn 

(B) KXmiCN: 1..598 

15 (xL) SEQLEKE EESCKEPTICN: SEQ ID ND:30: 



csfflTKnir ULiaanc uuLmxirr mjoTiPcrG aiiwmis 




• .60 


aaocx33iG3)a cnmuiuiA imurimTi' lujmum- lujuLiiuiw 




120 


pernnnrrA wsfrroncr 'it:?imcnG MsmOTC CDmincr 


TiOUJlUIC 


180 


aD3^?tfn3A Ta3?n3icr annrnGic GiGwosffiG csGirxrcr 




240 


'd:^?v£?oa?v CKOSicit;!' mjMUjrr iGiMauRLi; uj^vojuj-l 




300 


j^TGXTCT gjmmaA ujKJGinrk imymK: cia:3wm: 




360 


CTGIOXXG CS^EPGTIGIG OTKSGKA MiULdJlCIU 


cicmujIA 


420 






480 


CEicOaRiA emuLTi'iyc fflGicnms lasmnm aaaaqjicia 




540 


znnyTTrra CGiasmTC cmUftAAftA 003^3^^ A3C^^ 


598 
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D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE 



EPO 



E. SEPARATE FURNISHSNG OF INDICATIONS (imimkluikifamafpiktkl^ 



For fcecfving Ofiica tta* only 



This ibeei wat mtved with ibc imcnnuoaai tppiimioa 




For Intemauaoal Bumtt uis oaly 
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(PCT Rule l^bis) 



A. I'hc indi«:aiioiu nuuc ncuiw rciaie to ine mtcruoisanisro rtie/rea to in liic ducnpuon 
onpoge _54 Jim S 34-23 



B- JDEWTffinCATEON OF U£lI*OSn' Funbcr deposits ere identincd on on s^itcsasl ofcaet n 



Nfime oi'depo3iury insiiiuiiun 

American Type Culture Collection 



Address ni dcposiiarv inintution utt^itiduitt fostai tods oted €a:uarvt 

12301 Parklav/n Drive 
Rockville, Maryland 20852 

United States of America cell Line, RINa/ProA/ 
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Applicant (s) hereby give notice of my/our intention that 
samples of the above-identified culture shall be available 
only to experts in accordance with paragraph 3 of the 
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WE CLAIM: 

1. A cell stably transformed to produce at 
least one analgesic compound from each of the groups 
consisting of endorphins/ enkephalins, and 
catecholamines . 

2. The cell of claim 1, wherein the 
endorphin is fl-endorphin. 

3. The cell of claim 1, wherein the 
enkephalin is met-enkephalin. 

4. The cell of claim 1, wherein the 
catecholamine is norepinephrine or epinephrine. 

5. The cell of any one of claims 1-4 
wherein the cell is a RIN cell. 

6. The cell of any one of claims 1-4 
wherein the cell is an AtT-20 cell. 

7. The cell of any one of claim.s 1-6 
wherein the cell additionally produces a compound 
selected from the group consisting of galanin, 
somatostatin, neuropeptide neurotensin, or 
cholecystokinin . 

8. A cell transformed with a DNA encoding 
POMC, a DNA encoding TH, a DNA encoding DBH, and a DNA 
encoding ProA, each DNA molecule operably linked to an 
expression control sequence. 
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9. The cell of claim 8 wherein the cell is 
transformed with pCEP4-POMC-030, pcDNA3-hproA+KS-091, 
and pZeo-pCMV-rTHAKS-IRES-bDBH-088 . 

10. The cell of claim 8 wherein the cell is 
transformed with pCEP4-h POMC-AACTH-032, pBS-CMV-proA, 
and p2eo-pCMV-rTHAKS-IRES*bDBH-088 , 

11. The cell of claim 8 wherein the cell is 
transformed with pcDNA3-hP0MCDACTH-IRES-rTHD-IRES-bDBH- 
IRES-Zeocin-073 and pcDNA3-proA+KS-091 . 

12. A transformed cell producing at least 
one enkephalin, one endorphin and one catecholamine, 
wherein the cell is transformed with: 

a first vector containing a DNA encoding 
POMC operably linked to an expression control sequence, 

a second vector containing a DNA 
encoding pro-enkephalin A operably linked to an 
expression control sequence, 

a third vector containing a DNA encoding 
TH operably linked to an expression control sequence 
and a DNA encoding dopamine beta hydroxylase operably 
linked to an expression control sequence. 

13. A method for treating pain comprising 
implanting at an implantation site in a patient a 
therapeutically effective number of the cells of any of 
claims 1-12. 
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14. The method of claim 13 wherein the cells 
are encapsulated in a semi-permeable membrane to form a 
bioartif icial organ. 

15. The method of claim 14 wherein the 
bioartif icial organ is immunoisolatory . 

16. The method of any one of claims 13-15 
wherein the implantation site is the CNS. 

17. The method of any one of claims 13-15 
wherein the implantation site is the sub-arachnoid 
space. 

18. A method of producing a cell that 
secretes at least one enkephalin, one endorphin and one 
catecholamine, comprising transforming the cell with a 
DNA encoding POMC operably linked to a first expression 
control sequence, a DNA encoding pro-enkephalin A 
operably linked to a second expression control 
sequence, and a DNA encoding TH operably linked to a 
third expression control sequence and a DNA encoding 
dopamine beta hydroxylase operably linked to a fourth 
expression control sequence. 

19. The method of claim 18 wherein said 
first, second, third and fourth expression control 
sequences are identical. 
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20. The use of the cells of any of claims 1 
12 to manufacture a medicant for treatment of pain. 

21. The cells of claim 20 wherein the cells 
are implanted. 

22. The cells of any one of claims 21-22 
wherein the cells are encapsulated in a semi -permeable 
membrane to form a bioartif icial organ. 

23. The cells of claim 22 wherein the 
bioartif icial organ is immunoisolatory . 

24. The cells of any one of claims 21-23 
wherein the implantation site is the CNS. 

25. The cells of any one of claims 21-23 
wherein the implantation site is the sub-arachnoid 
space . 

26. A bioartif icial organ comprising: 

(a) a biocompatible, permeable jacket 
surrounding a core; and 

(b) said core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins, enkephalins, and catecholamines. 

27. The bioartif icial organ of claim 26 for 
use in treating pain. 
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28. A method of making a bioartif icial organ 
comprising encapsulating a core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins, enkephalins, and catecholamines, with a 
biocompatible, permeable jacket, 

29. The use of a bioartif icial organ 
comprising the cells of claims 1-12 in manufacture of a 
medicament for treating of pain. 
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